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No Water Can Enter — 7 
Head to Freeze, 


No Sediment Can Reach 
Operating Thread 


HYDRANTS 
Made by R. D. Wood Company 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in 
sand molds) and R. D. Wood Gate Valves 


@ The stuffing box plate cas 


the head and. with the pack-— 
ing, prevents water from— 
reaching the operating thread. 
This means no rust can form — 
and no sediment can be de-— 
posited on the thread to wear 


and destroy it. 


e No matter how cold 
weather, the stem thread can- 
not freeze to the nut, nor can 


ice form inside it to interfere | 


is assured with the installa ‘- 

tion of Mathews Hydrants— _ 
vital links between hose and 


water main. 


with closing the hydrant. 


@ Community fire protection 


No Other Hydrant | 
Offers So Many 
Essential Features 


Compression type vaive prevents 
flooding « Head turns 360° « Re- 
placeable head « Nozzle sections 
easily changed « Nozzle sections 
easily raised or lowered without 
excavating e Protection case of 
“Sand-Spun”’ cast iron for strength, 
toughness, elasticity « Operating = 
thread only part to be lubricated — 
All working parts contained 
removable barrel « A modern bar- 
rel makes an old Mathews good as" 
new « Available with mechanical- 
joint pipe connections 
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ARE CONCERNED... 


i WHERE PIPE LINES 
g 
| 


BELOW—lInstalling the 30” Lock 
Joint supply line for Ciudad Trujillo 


in the Dominican Republic. This line, 
undamaged by shocks which destroyed 
many structures in the vicinity, gave 
unimpaired service throughout the 


earthquake of 1940. 


RIGHT—Damage attending the rup- 
ture of a large water main in a 
growded community. 


ONE SLIGHT FLAW IN A PIPE 


may develop the proportions of a major 
catastrophe when an important water 
line ruptures in a crowded area. Utilities 
can be impaired, property flooded, traf- 
fic stalled, business lost, life endangered. 
A bad break in more ways than one, but 
a break which could be avoided by using 
Lock Joint Pressure Pipe. 

Lock Joint’s water-tight expansion 
joints built into every section of pipe 
provide unrestrained flexibility under 
back loads to accommodate not only 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange, N. J. 
Pressure Pipe Plants: Wharton, N. J. 


Turner, Kan. * Detroit, Mich. * Columbia, S. C. 
BRANCH OFFICES: Casper, Wyo. - Cheyenne, Wyo. + Denver, Co 
Kansas City, Mo. - Valley Park, Mo. - Chicago, lil. - Rock Island, I 
Wichita, Kan. - Kenilworth, N. J - Hartford, Conn + Tucumcari, N.M 
Oklahoma City, Okla. « Tulsa, Okla. + Beloit, Wis. - Hato Rey, P.R 


SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
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normal ground settlement but traffic vi- 
brations and variations in temperature. 
The high factor of safety assured by its 
time-tested design of reinforcement pro- 
vides for every pipe an abundant reserve 
against water hammer and pressure 
surges. Experience shows conclusively 
that Lock Joint Pressure Pipe does not 
fail. 

When planning your next water sup- 
ply main—specify Lock Joint Concrete 
Pressure Pipe—the pipe with a proven 


record of safety. 


* 
* 
* 
* 
* 
* 
* 


cializes in the manufacture and installation of Reinforced ® 
Concrete Pressure Pipe for Water Supply and Distribu- 


tion Mains in a wide range of diameters from 16” 


well as Concrete Pipe of all types for Sanitary Sewera 


Storm Drains, Culverts and Subaqueous Lines. 
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ae service is an important job for any manufacturer who makes a 
product that stays in use for a long time. It's especially important for Trident meters, » 
many of which have been known to last 50 years and more. 
That's why Neptune decided many years ago that the best way 
to sell more water meters . . . was to help you get better service from the ones you have. 
Your Neptune salesman is a trained expert on meter repairs 
and metering practice. He's anxious to pass this knowledge along to you. 
He'll conduct informal classes in your shops . . . demonstrate new wrinkles 
. advise on systems of testing and maintenance. if you've 
inexperienced men to train, he'll arrange eta 


@ training course for them at the nearest Neptune branch. 


His job is to help you do your job better. His services are ae 
yours for the asking. Please don't hesitate to ask. 


NEPTUNE METER COMPANY 
50 West 50th Street © New York 20,N. Y. 


NEPTUNE METERS, LTD. 


Branch Offices in Principel 
Americon and Canadian Cities — 


THE MEANING OF 
+ 
1430 Lokeshore Rood Toronto 14, Ontario 
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Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A. N. A. 


Tus ILLUSTRATION shows the laying of 
cast iron pipe in the business section of a small 
town, which could be for water, gas or sewerage 
service. Such a situation calls for a pipe with 
proved long life to be placed beneath the costly 
permanent pavement. Whether in the business 
district, residential area or the country, cast iron 
pipe has established an enviable record 


wi of low cost per service year. 
le 


We are in an excellent position to furnish your 

. requirements for cast iron pipe, either centrifugally 
cast in sizes 2- to 24-inch or pit cast for larger 
sizes—all of which are produced under rigid 

quality controls and in accordance with 


standard specifications. 
_ United States Pipe and Foundry Co., 


General Office, 3300 First Ave., N., 
Birmingham 2, Ala. @ Plants and Sales 
Offices Throughout the U.S. A. 


Kee” Our General Office is now 
located in Birmingham, Ala., — 
instead of Burlington, N. J. 


~ 
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AWWA SECTIONS 


Sept. 21-22—Maritime Branch, Ca- 
nadian Section, at Fort Cumberland 
Hotel, Amherst, N.S. Secretary, J. D. 
Kline, Chief Engr., Public Service 
Com., Box 574, Halifax, N.S. 


Sept. 21-23— Kentucky- Tennessee 
Section at Hotel Owensboro, Owens- 
boro. Secretary, J. Wiley Finney, Jr., 
Asst. Director, State Dept. of Public 
Health, 420—6th Ave., N., Nashville 
3, Tenn. 


Sept. 22-23—Rocky Mountain Sec- 
tion at LaFonda Hotel, Sante Fe. 
Secretary, George J. Turre, San. Engr., 
Board of Water Comrs., Box 600, 
Denver, Colo. 


Sept. 22-24—Wisconsin Section at 
Hotel Pfister, Milwaukee. Secretary, 
Leon A. Smith, Supt., Water & Sew- 
erage, City Hall, Madison 3. 


Sept. 27-29—Missouri Section at 
Elms Hotel, Excelsior Springs. Sec- 
retary, Warren A. Kramer, Div. of 
Health, State Office Bldg., Jefferson 
City, Mo. 


Oct. 4-6—Alabama- Mississippi Sec- 
tion at Heidelberg Hotel, Jackson, 
Miss. Secretary, Charles W. White, 
Asst. San. Engr., State Dept. of Public 
Health, 537 Dexter Ave., Montgomery 
4, Ala. 


Oct. 11-13—Florida Section at Mc- 
Allister Hotel, Miami. Secretary, Wil- 


(Continued on page 10) 


liam W. Aultman, Asst. Director, Dept. 
of Water & Sewers, Box 315, Coconut 
Grove Sta., Miami 33. 


Oct. 14-16—Iowa Section at Rus- 
sell Lamson Hotel, Waterloo. Secre- 
tary, H. V. Pedersen, Supt. of Wate 
Works, Municipal Bldg., Marshall- 
town. 


Oct. 18-21—Southwest Section at 
Rice Hotel, Houston. Secretary, Les- 
lie A. Jackson, Mgr.-Engr., Municipal 
Water Works, Robinson Memorial 
Auditorium, Little Rock, Ark. 


Oct. 22-24—New Jersey Section at 
Madison Hotel, Atlantic City. Secre- 
tary, C. B. Tygert, Wallace & Tiernan 
Co., Inc., Box 178, Newark 1. 


Oct. 27-30—California Section at 
Palace Hotel, San Francisco. Secre- 
tary, John C. Luthin, 1113 Laurent St., 
Santa Cruz. 


Oct. 28-30—Chesapeake Section at 
Hotel DuPont, Wilmington, Del. Sec- 
retary, Carl J. Lauter, 6955—33rd St., 
Washington 15, D.C. 


Nov. 4-6—Virginia Section at Roa- 
noke Hotel, Roanoke. Secretary, J. P. 
Kavanagh, Dist. Mgr., Wallace & Tier- 
nan Co., Inc., 915 Colonial-American 
3ank Bldg., Roanoke 11. 


Nov. 9-11—North Carolina Section 
at Hotel Sheraton, High Point. Sec- 
retary, E. C. Hubbard, Exec. Secy., 
State Stream Sanitation Com., Box 
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Because it is designed for 
continued high carrying capacity and will not tuberculate.. . 


= 


It has been proved again and again 
—through performance records— 
that Transite* Pressure Pipe reduces 
pipe line operating costs. 

There’s good reason for this. Be- 
cause of Transite Pipe’s smooth 
inner surface and asbestos-cement 
composition, its initial high flow 
capacity (C=140) can never be re- 
duced by tuberculation. This absence 
of tuberculation is an assurance that 
a full flow of water will be maintained 
for years to come. Pumps can be 
operated closer to peak efficiency, 
therefore pumping costs can be held 
to a minimum. 

There are many other ways in 
which Transite Pressure Pipe cuts 
costs ... not only for operation but 
also for installation and maintenance: 


@ It enables the use of smaller pipe sizes— 
because systems can be designed without 
allowance for future flow reduction due to 
tuberculation. 


@ It is light in weight, easy to handle, fast 
and economical to install. 


Itsfactory-made joints are easilyassembled 
stay tight in service, reduce water losses. 


@ Itshigh corrosion resistance assures main- 
tenance-free performance in a wide variety 
of soils. 


Why not find out more about this 
durable, cost reducing pipe? Many 
of its installation and operating ad- 
vantages are illustrated in detail in 
our Pressure Pipe Brochure TR-11A. 
For your copy, write Johns-Manville, 
Box 60, New York 16, N. Y. 


*Transite is a Johns-Manville registered trademark 


Johns-Manville TRANSITE PRESSURE PIPE 


J WHY PUMPING COSTS ARE LOW.. 
Transité Pressure Pipe 
mm reduces the operating cost of your system 


Bi 5. 


(Continued from page 8) 


Dec. 3-5—Cuban Section at Ha- 
vana. Secretary, L. H. Daniel, Bara- 
tillo 9, Havana. 


1954 SECTION MEETINGS 
Jan. 19—New York, in New York City 
Mar. 17-19—Illinois, in Chicago 
Mar. 18—New England, in Boston 
Apr. 7-9—Kansas, in Emporia 
Apr. 12-14—Canadian, in Toronto, Ont. 
Apr. 22-23—Nebraska, in Lincoln 
Apr. 22-23—New York, in Watertown 
Apr. 22-24—Arizona, in Tucson 
Apr. 24-25—Montana, in Bozeman 
May 23-28—AWWA, in Seattle 
June 16-18—Pennsylvania, in Allentown 
Sept. 8-10—New York, in Montauk, L.1. 
Sept. 15-17—Michigan, in Muskegon 
Sept. 22-24—Ohio, in Dayton 
Sept. 28-30—Wisconsin, in Green Bay 
Oct. 17-20—Southwest, in El Paso, Tex. 
Oct. 26-29—California, in Long Beach 
Oct. 27-29—-Chesapeake, in Baltimore 

( Tentative) 
Nov. 3-5—Virginia, in Richmond 
Nov. 4-6—New Jersey, in Atlantic City 


OTHER ORGANIZATIONS 


Sept. 28-30—New England Water 
Works Assn., Poland Spring House, 
Poland Spring, Me. Details from 
Joseph C. Knox, Secy., 73 Tremont 
St., Boston 8, Mass. 


Oct. 8-9—National Conference on 
Industrial Hydraulics, Sheraton Hotel, 
Chicago. Details from Otmar E. 
Teichman, Conference Director, IIli- 
nois Inst. of Technology, 35 W. 33rd 
St., Chicago 16, III. 


Oct. 13-16—Federation of Sewage 
and Industrial Wastes Assns., Munici- 
pal Auditorium, Miami, Fla. Details 


from W. H. Wisely, 325 Illinois Bldg., 
Champaign, 


Oct. 19-23—National Safety Con- 
gress and Exposition, Chicago. De- 
tails from R. L. Forney, National 
Safety Council, 425 N. Michigan Ave., 
Chicago 11, Il. 


Oct. 26-29—American Public Works 
Assn., New Orleans, La. Details from 
D. F. Herrick, Exec. Secy., 1313 E. 
60th St., Chicago 37, IIl. 


Oct. 27-30—National Water Well 
Assn. at Hotel Benjamin Franklin, 
Philadelphia, Pa. Details from Robert 
R. Storm, Exec. Secy., 811 W. Spring- 
field, Champaign, III. 


Nov. 8-11—National Inst. of Gov- 
ernmental Purchasing at Netherlands 


Plaza, Cincinnati, Ohio. Details from 
Albert H. Hall, Exec. Director, 730 
Jackson P1., N.W., Washington 6, D.C. 


Nov. 9-—13— American Public Health 
Assn., Hotels Statler and New Yorker, 
New York, N.Y. Details from R. M. 
Atwater, Exec. Secy., 1790 Broadway, 
New York, N.Y. 


1954 MEETINGS 
May 4-6—American Public Power Assn., 
in Chicago 
June 13-18—American Society for Test- 
ing Materials, in Chicago 
Sept. 13-15—New England Water Works 
Assn., in Dixville Notch, N.H. 
Oct. 11-14—Federation of Sewage & In- 
dustrial Wastes Assn., in Cincinnati. 
Oct. 11-15 (tentative)—American Public 
Health Assn., in Buffalo 

Oct. 17-20—American Society of Civil 
Engineers, in New York City 

Oct. 19-22—Pennsylvania Water Works 
Assn., in Atlantic City, N.J. 

Nov. 28-Dec. 3—American Society of 
Mechanical Engineers, in New York. 
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CHLORINE GAS CONTROL EQUIPMENT 


Sigrplators 


METER AND CONTROL 
CHLORINE GAS IN THE 
NON-CORROSIVE STATE 


RATIOS 10 TO 1—50 
TO 1—110 TO 1 
VISIBLE FLOW INDICATION 
FOR 
WATER WORKS 
SEWAGE TREATMENT 
TYPICAL INSTALLATION INDUSTRIAL PLANTS TYPICAL INSTALLATION 
SWIMMING POOLS “On WATER SUPPLY. 


*ACCURATE METER 

*WIDE CAPACITY RANGE 

*HIGH VACUUM CONTROL LOW 
* AUTOMATIC OPERATION 


MAIN- 
TENANCE 
COSTS 


T-GAS THROTTLING VALVE 
POINT OF - 68- VENT TO OUTSIDE 


APPLICATION 
IN PUMP SUCTIO WATER MAIN 18 - CHLORINE SOLUTION OUTLET 


THE EVERSON AIR-O-MATIC SYSTEM 
AUTOMATIC PROPORTIONING GAS FEED TO LIQUID FLOW 


OPERATE 


HIGH VACUUM 
SOLUTION FEED 
DEPENDABLE 
ECONOMICAL 
HIGH CAPACITY R636 3.5 OPEN FRAME MODEL Bo82 


Everson Manufacturing Corporation 
221 W. Huron Street Chicago 10, Hlinois | 
REPRESENTATIVES IN PRINCIPAL CITIES 


P&R 11 
2 


Steel to carry 100,000-gom water 
to USAF’s new engineering development center 


With unmatched facilities for testing 
jet aircraft and guided missiles of 
every type, the USAF’s $157,500,000 


to vibration, impact and overloading 
that fracture other types of pipe. It’s 
highly efficient, with smooth, tar- 


Arnold Engineering Develop t 
Center, now nearing completion at 
Tullahoma, Tenn., will consume 
water at the rate of about 100,000 
gpm! 

This tremendous water supply will be 
pumped from the nearby Elk River 
Reservoir and delivered through a 
25,000 ft network of Alco Electric 
Welded Steel Pipe. 

Electric Welded Steel Pipe was se- 
lected for several good reasons. It's 


strong and resilient tands up 


led surfaces giving maximum 
rate of flow. And equally important, 
it’s economical . . . delivered in long, 
easily assembled sections, it takes 
minimum time and labor to install, 
lasts for generations. 
Thanks to Alco’s modern production 
facilities, Electric Welded Steel Pipe 
can be fabricated to meet AWWA 
specifications or any special needs of 
your own particular installation. Sizes 
are limited only by transportation 
considerations. Lengths of 40 ft for 


30 in. diameters and above are fab- 
ricated without girth seams. Under 
30 in., lengths of 22 ft can be fur- 
nished without girth seams, or longer 
lengths with girth seams. 

So whether your installation is to be 
large or small, special or standard, 
have a talk with your Alco Products 
sales representative. He will be 
happy to show you how Alco Electric 
Welded Steel Pipe can give you 
maximum value for your piping in- 
vestment —as it has for many water 
supply and distribution projects of 
plants and municipalities all across 
the country. 


Fdomomber these Key 
Ste Pe 


STRONG: Unaffected by vibraiion. Maximum re- 
sistance to shock, and to overloading due to earth 


movement and washouts. 
EFFICIENT: Positively watertight. Minimum num- 
ber of field joints. Smooth surfaces for highest 
rate of flow. 

ICAL: Low first cost. Long lengths, light 
weight, for easy installation. 

: Life in water-supply installations esti- 
mated conservatively at 75 to 100 years. 


ALCO 


ALCO PRODUCTS DIVISION 
AMERICAN LOCOMOTIVE COMPANY 
DUNKIRK, N.Y. 


Soles Offices: New York, Chicago, Dunkirk, Los Angeles, 
Kansas City, Houston, Tulse and Beaumont. 


r 
L 


25,000 ft of Aico Electric Welded Pipe wa r the new Arr 
ng Develoy nt Center's water-su é rk—sizes rang 


MODERN PRODUCTION FACILITIES used for machin- 
ing simultaneously both flanged ends of a length of pi enable Alco 
to meet extraordinary requirements of unusual installations, 


yf 
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No NEED 


to specify over- sind pipe... 


NO WORRY 


over low flow capacity . 


NO NEED 


When protect pipe lines 


with BITUMASTIC° 70-B ENAMEL 


=> Pre 


lines don’t “shrink” when the 
interior surfaces are coated with a spun 
lining of Bitumastic 70-B Enamel . . 
because this durable enamel prevents 
rust, corrosion, incrustation and 
tuberculation. 

When the inside diameter of your 
pipe line stays the same through the 
years, you select pipe solely on the 
basis of desired capacity. You don’t 
waste money by specifying over-sized 
pipe in order to allow for future 
“shrinkage.”” When your pipe line’s 
coefficient of flow stays high, you don’t 


have to replace pumps with bigger ones 
that cost more to buy and operate. 
Bitumastic 70-B Enamel is equally 
effective in protecting exterior sur- 
faces of pipe lines. It prevents pitting 
and leakage caused by soil corrosion. 
Give your steel pipe lines lasting pro- 
tection, inside and out, with Bitumas- 
tic 70-B Enamel. Write for details. 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 905T, Pittsburgh 19, Pa. 
District Offices: Boston, Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Alabame , 


SV, ( 
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For the latest in water works equipment... 


. . . keep BUILDERS in the picture! 


FOR METERING MAIN LINES 
Venturi Tubes and Nozzles ¢ Orifice 
Meters * Propeloflo Meters * Pneu- 
matic, Electric and Mechanical 
Instruments 

FOR CONTROLLING FLOW 
Venturi Rate Controllers - Hydrauli- 
cally-Operated and Direct-Acting 
FOR CHLORINATION 

Visible Flow Chlorinizers 


FOR WATER FILTRATION 
Pneumatic and Mechanical Filter 
Gauges (Loss of Head and Rate of 
Flow) * Liquid Level Gauges °* 
Wheeler Filter Bottoms * Filter 
Operating Tables 


FOR PACING CHEMICAL FEEDERS 
Chronoflo Transmitters and Re- 
ceivers (electrically operated) 
Pneumatic Transmitters and 
Receivers 


For complete information and illustrated Bulletins describing 
Builders Water Works Equipment, address Builders-Providence, 
Inc. (Division of B-I-F Industries), 365 Harris Ave., Providence 1, R. I. 


at 


Sie 
A CENTURY OF QUALITY 
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Controls 
elevation of 
water 
in 
tanks, basins 
and 


ALTITUDE VALVE reservoirs 


1. Single Acting 
2. Double Acting 


Maintains : 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 
SURGE-RELIEF VALVE 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 


rate of flow 
REDUCING VALVE 
Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained | 
unit with 
three or more 
automatic 


controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 
2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 


FLOAT VALVE tion. 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTEOL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


we VALVE MFG. -_ INC., P. 0. BOX 593, TROY, N. Y. 


PER 1S 

| 1879—ROSS-1879 
udomatic Values 

| 
| 


JOURNAL AWWA Vol. 45, No.9 
INCRUSTATION 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 

National knows how to clean the difficult jobs, including 
hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 

National knows how to clean long runs with a minimum 
number of pipe entries. 


National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 


National knows how to clean so thoroughly that restoration, — 
of 95% of the original pipe capacity is guaranteed. 


National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


50 Church Street - New York, N.Y. 
ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street ° MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG, CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 


RICO; Luis F. Caratini, Apartado 2184. 


SEDIMENTATION 
TUBERCULATION 
NATIONAL 
| 
TIONAL water MAIN CLEANING COMPANY 
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MR. GEORGE TRAUGER 


For the Lindsay-Strathmore Irrigation District 
distribution system, sponsored by the Bureau of 
Reclamation, Electric Fusion Welded Steel Pipe 
was specified by Mr. George Trauger, Superin- 
tendent. Mr. Trauger says, “We use steel pipe and 
only steel pipe. Our experience during the past 38 
years with over 100 miles of transmission lines has 
proved conclusively to us that steel pipe costs less 


MR. DON BURR 
to install and maintain than any other pipe.” 


Assistant Superintendent 


STEEL PIPE COSTS LESS 


steel be versatility STEEL P| PE. WILL 
pecially demonstrated on the new 8. SAVE YOU MONEY, T00! 


nile Lindsay-Strathmore installation. This . 

yroject was delivered to the job asacom- Write pr 
plete, “package” with each fitting and pipe y in 
ection numbered in sequence for installa- pipe production. Also contains 


ion at a specific point in the line. All fit- valuable 
price, weight 


ngs and steel pipe sections were factory- aod 

joated and wrapped, assuring the highest engineering 
quality pipe protection. Each section, in data. Your 
addition, was supplied in 48-foot lengths, personal 
saving the installation contractor, R. A. a 
Wattson Co., North Hollywood, Calif, {pon ” 
nearly 40% of field welding costs, request. 


[FUSION 
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INDIANA’S FASTEST GROWING CITY knows that 
ee adequate water supply is necessary for future 
pa?" growth. Gary, one of America’s few planned cities, 
zoomed to its present 135,000 population (Indi- 
ana’ second greatest) in less than 50 years. 

And planning for a still bigger future, Gary re- 
ninid cently installed these Allis-Chalmers pumps and 
motors to create capacity adequate for population 
doubling! With over 123 local industries — includ- 
ing the world’s largest complete steel mill, sheet 
and tin mill, and cement plant — Gary is wise to 

allow for plenty of future growth. 
The Gary-Hobart Water Corporation operation 
also is unusual in that ail city water comes through 
a Lake Michigan suction tunnel 6 ft in diameter and 
three miles long. When power fails, this moving 
column of water can cause a surge flooding the main 

pumping station. 

With the original horizontal pumping units, a 
surge rendered motors inoperative for some time. 
The four new Allis-Chalmers vertical mixed flow 
units were made 57 ft long so that the impellers are 
kept submerged despite “draw down” and yet the 
350 hp motors cannot be flooded. Fifteen foot exten- 
LOW LIFT PUMPS in the 100 ft sions protect the motors for the four high head units. 
dese well at juancl’s cad ere 36 When your city plans expansion or modernization, 
x 24 in. mixed flows, each rated do as Gary and other leading cities are doing — take 
15,000 gpm against 50 ft head; advantage of Allis-Chalmers experience in municipal 
driven by 350 hp, 720 rpm syn- pumping equipment. Ask for Pump Bulletin 
chronous motors. Units ware made 08B6146A, containing 24 pages fact-packed with the 
57 ft long to avoid motor flood- ' kind of engineering data you’ll want to keep handy. 
ing in case of power failure. in Just call your nearest A-C sales office or write to 


1951, Gary's peak pumpage rate 
Allis-Chalmers, Milwaukee 1, Wisconsin. A-3994 


HIGH HEAD PUMPS are 24 x 18 in. cen- 
trifugals, each rated 14,000 gpm against 
160 ft head; drive: by 700 hp, 720 rpm 
synchronous motors. The high head units 
pump directly into the mains, operating in 
series with the mixed flow pumps. Special 
15 ft high barrel type supports keep the 
motors out of flooding danger. 


Paces | 
Gary's Business 
Growth! dit nas fastest 

Helps 

| 


METROPOLITAN GARY, the planned city built on 
the sand dunes at the lower end of Lake Michigan. 
Portions of steel mills and lake are seen in distance, 


_ GREAT FLEXIBILITY ot the main pumping 
station is provided by the header and as 
valving arrangement, Operation can be GLEN PARK BOOSTER STATION is also exclusively 
varied from only one high head unit in ~ _ Allis-Chalmers, These two 12 x 12 in. centrifugal 
service — pumping directly from weil - pumps are each rated 3200 gpm against 315 ft head; 
mains and adequate for light loads — $954 driven by 50 hp, 1160 rpm induction motors. To main- 


all eight units pump y = tain constant pressure, they are automatically remote- 
adequate for Gary population doubling. £ cs -—contrelied from the water tower. 


ALLIS-CHALMERS 


Builders of the World’s Widest Range of Public Works Equipment 


Works 
> om | 


20 ra 


These Valves Stay on Job 


Afrer $0 Years 
of Water Service 


THE INSTALLATION 


yA 


_ At the Beaumont City Water Works, 


Beaumont, Texas, with Crane gear-oper- 


_ ated iron body gate valves in main lines 


in pumping plant. 


Beaumont taxpayers are still benefiting by 
the valve quality specified for the Munici- 


_ pal Pumping Station built in 1903. These 
14, 16, and 24-inch Crane iron body gate 


- from steam to diesel power. Even then, 
- many were merely cleaned up and put 


right back in service in the new plant. 


For 50 years and more, these Crane 
valves have given outstanding service at 
the lowest possible maintenance cost. 
With but routine care, they remained tight 
at seat and stem, and always performed 
with smooth, positive action, despite in- 


frequent operation. 


Here’s an example of quality that sets 
Crane apart from ordinary valves... that 


VALVE SERVICE RATINGS 


Rite tute aly 
vole feds 


AVAILABILITY: 


Catalog 


THE VALVE 


Today’s Crane 125- 
Pound Iron Body Gate 
Valves with wedge disc 
are building equally out- 
standing service records. 
Highly engineered for 
durability and depend- 
ability at low cost, these 
valves are now available 
in the most complete line 
of patterns and sizes, ee 
with a choice of trim for water utilities 
and other services. Choose to your exact 
needs from your Crane Catalog, or see 
your Crane Rep- 

resentative. 


for 
the 


Branches and Wholesalers Serving All Industrial Areas 


FITTINGS © PIPE © PLUMBING e 


HEATING 
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THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 
CRANE VALVES 
BUYER | 
CRANE CO., Genera 
y 


his water control 
lems might have been easier. There's 
where you have the advantage over poor 
Noah. PEKRUL Water Control Equipment 
and PEKRUL engineers stand ready to 
solve your most difficult requirem 


Manufacturers of Pekrul Gates 


FLOOD CONTROL 
LEVEES 
IRRIGATION 
WATER WORKS 

SEWAGE DISPOSAL 

RESERVOIRS 
PUMPING PLANTS 
OIL REFINERIES 
FISH HATCHERIES 
REARING PONDS 
RECREATION POOLS 
COOLING TOWERS 
STEEL MILLS 


MORSE 220s. 
DENVER, COLORADO 
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whatever your 


VALVE PROBLEMS... 


1OWA Squ 
Botto 


is ready to meet 


your every 
requirement. 


IOWA’S complete line of 

Valves valves is specially 

Ge se quarter? designed for severe and 
particular operating conditions in 

filter plants, sewage disposal plants, 

sservoirs, dams, pumping stations, distribution systems or 
wherever water control is required. Let us help you solve 


your problems. Specify IOWA valves and get the best! 


| 22 PER ee JOURNAL AWWA 
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IOWA vaive company 
gS 201-299 N. Talman Ave., Chicago 80, Ill. * A Subsidiary of Clow & 
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COCHRANE WATER CONDITIONING 
STARTS WHERE NATURE STOPS 


Duke Power 
capacity—purchases 4th Cochrane Solids- 
Contact Reactor for coagulation of boiler 
feed make-up coming from surface supply. 


_@ This record of repeat orders is 
evidence of successful design and per- 
—_— Units are being built for 
coagulation, lime softening, iron 
removal, fluoride removal, white water 
- recovery in paper mills, cooling water 
treatment, process water clarification, tin plate rinse water, oil 
field flooding water and similar applications. 
_ They can be built in small sizes—such as for the bottling 
- trade, or in very large sizes—such as for paper mills, u 


-110’0” dia., capable of handling more than 20,000,000 
in a single unit. 


Write for new Solids-Contact Reactor 
-§001-A—just off the press. 


corp. 


_ 3124 N. 17th Street, Philadelphia 32, Pa. 


offices in 30 principal cities in Cuba: Laurence E. Daniel, .— we” 
In Canada: Canadian Generel Electric Co., Ltd., Toronto im South America: Servicios Electricos, C.A. 
In Mexico: Babcock & Wilcox de Mexico,S.A., Mexico City (S.E.C. A.) Caracas, Venezuela 


7 In Europe: Recuperation Thermique & Epuration, Paris Im Puerto Rico: F. A. Ortiz & Co., San Juan § 


REPEAT ORDERS FOR COCHRANE REACTORS 
Me 
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A large mid-western city recently was faced with this 
problem. Within eight years after the water treatment 
plant was placed in operation, the submerged steel showed 
active corrosion of alarming proportions — the warning of 
a possible loss of a quarter million dollar investment. 
Various coatings were tested for possible application, but 
none of those tested was considered satisfactory. 


It was then that the ERP man was called in. At approxi- 
mately half the cost of sand blasting and coating, and with 
no surface preparation or long outage time, an ERP ca- 
thodic protection system was installed to protect all sub- 
merged steel in the treatment equipment. After three years 
there has been no further corrosion, and an appreciable 
saving in maintenance has been realized! 


This is a typical example of ERP at work. Whether your 
corrosion problem involves a tank, basin, deep well, water 
works treatment structure, or pipe line it will be worth your 
while to discuss it with your ERP man. His expert advice 
may save you dollars tomorrow. 


DESIGN 

ENGINEERING 
MAINTENANCE © 

INSTALLATION 


EQUIPMENT 


ELECTRO RUST-PROOFING CORP. (N. J.) 


>, BELLEVILLE 9, NEW JERSEY 
Q\ Represented in Principal Cities in the United States 


a & 


Over 15 years of cathodic protection 
engineering, research ond development 
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‘Let’s get the 
Rensselaer Engineer 
the picture” 


When it’s on the boards, whether it be a simple 
extension, or a modernization project for the entire 
water or sewage system, it will pay you to get the 
Rensselaer Engineers in at the beginning. 
They will show you how a large valve assembly 
with a totally enclosed, permanently greased gear 
box can be buried without the cost of a concrete 
pit. They can show you why critical locations should / sleeve 
have the square bottom valve, why the Rensselaer eed 
check valve with the adjustable spring can’t slam, 
and even how to practically eliminate pipe line 
surge by an inexpensive auxiliary hook up with the 
check valve. 
Fire hydrants that need no digging or valve shut- 
ting for traffic accident repairs, a hydrant valve 
mechanism that is easily removed for inspection, 
and a tapping sleeve that will save hours, will help 
write perpetual low maintenance into your original 
layouts, large or small, peer 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
Sales representatives in principal cities 
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The Mueller “B” Drilling, Tapping ond will 
drill, tap and insert or remove corporation stops '/.” through 1”. It 
will also insert or remove pipe plugs up through 2',”. This work 
can be done under pressures ranging up to 400 p.s.i. 


Taps with various types of threads to fit your requirements are 
available. For complete information on the full line of Mueller 
Drilling and Tapping Machines, see your Mueller pers yy 
or write direct. a ‘ 


MUELLER co. 


Dependable Since 1487 


MAIN OFFICE FACTORY DECATUR, 


“fo 
AND INSERTING 
| MACHINE 
\ 
ia 
4 
i 
4 
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Accelator’ 


The Accelator combines — in a single unit 
— mixing, coagulation and solids separa- 


tion. It occupies a fraction of the space 


required by other types of conventional 


plants and greatly reduces installation 
costs. Softening, clarification and stabiliza- 
tion plus highly efficient algae and bacteria 
removal are obtained at the highest flow 
rates because of the Accelator’s slurry 


full details send for your copy of the infor- 
mative 28-page Accelator bulletin. 


Use coupon below. 


INFILCO INC., P.O. Box 5033 


Tucson, Arizona 
Please send to my attention — 
of Accelator Bulletin 1825-J. 


Nome 


recirculation and dynamic separation. For 
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FORD SPECIAL 
METER TESTING BENCHES) 


offen High Efficiency 


In many large meter shops the volume of 
testing justifies special equipment. The 
possibilities are worth investigating. 

Write for information. 


THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 
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FOR BETTER WATER SERVICES R 
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from this. 


by CENTRILINE 


"ie water pressure due to friction loss can be 
permanently corrected by Centrilining. Properly 
applied cement-mortar linings in pipelines eliminate 
interior tuberculation and corrosion forever. 
The continuous rigid surface also prevents leakage from 
joints or holes in the pipe wall. oe 
And it’s all done with the pipes in place. The result 
is the equivalent of a new pipeline at a fraction As 
of the cost of new pipe. = 
Write today for free booklet! har’ £ 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. =o) 7 
140 CEDAR STREET, NEW YORK 6, N. Y. 
Branch Offices in Principal Cities of United States and Latin America 


‘ 
GEMENT-MORTAR LININGS FOR PIPES IN PLACE 
3,000,000 FEET OF EXPERIENCE a 
4 
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KENNEDY Fig. 0611 iron- 
body bronze mounted gate 
valve with solid wedge disc 


KENNEDY Fig 106 swing 
check valve. tron-body, 
bronze-mounted Avail- 
able with bronze, leather 
or iron discs 


How proper valving assures easy maintenance 
of centrifugal pumping systems 


In the diagram, you will note that there is a gate valve on either side of the 
pump. 

On the suction side, it is connected directly with the pump. On the dis- 
charge side, the swing check valve should be located between the pump 
and the gate valve. 

With this set-up, the flow can be readily shut off between the two gate 
valves to provide fast, easy repacking or other maintenance on the pump 
or check valve. And in a multiple pumping system, any one of the 
pumps can be shut down while the others continue to operate. 


KENNEDY #Bl@)-Sgt@6308 iron-body gate and swing check valves are 


ideally suited to this application. They are designed and constructed for 
heavy-duty service with water, oil, gas or any fluids that will not corrode 
bronze or iron. The rising stem on the KENNEDY outside screw and yoke 
gate valves tells whether valves are open or closed. KENNEDY swing check 
valves have readily removable cap for easy inspection or adjustment. 


THE COMPLETE LINE oF KENNEDY JOB-FITTED valves and 
INSPECTED fittings is sold through local distributors, ready 
to give you fast and convenient service. 


KENNEDY 


Est. 1877 VALVE MFG. CO. « ELMIRA, N.Y. 
VALVES + PIPE FITTINGS + FIRE HYDRANTS 
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BY NATURE 


Carefully designed, too, are the dependable W&T Chlorinators which are | 
familiar sights in thousands of installations all over the world. 
For example — the W&T Visible Vacuum Principle which, by means of ‘fo 
glass bell jar, permits simple, visual checks on proper chlorinator per- 
formance. 


And, for another —the inherent safety 
and economy of W&T Chlorinators, which 
are available with controls and accessory 

- equipment to meet exactly each specific 
chlorination problem. 


Behind these and many other design fea- 
tures is a nation-wide field organization, 
which, by “nature,” is resourceful and 

technically skilled. The services of this or- 

are designed to give you — in 

the most efficient manner possible — the 
Ee and proved results of a continu- 
ing quest for the best in chlorination 
equipment. 


If, by nature, you’re skeptical, you can 
easily prove it to yourself by passing along 
your own particular chlorinator problem. 
You'll hear from us promptly — and with- 


out obligation, of course. 


WALLACE & TIERNAN 


COMPANY INC. 
25 MAIN ST. BELLEVILLE 9. N. 
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Introduction of Universal Metering at Ottawa 
By W. E. MacDonald 


A paper presented on ~~ 8, 1953, at the Canadian Section Meeting, 


Buffalo, N.Y., by W. 


ater W orks Depft., 


sane Ottawa, Ont., water works sys- 

tem was first established in the 
year 1872. From the date of incep- 
tion, up until the fall of 1952, it was 
the policy of the department to supply 
water to all consumers other than com- 
mercial under a schedule of rates based 
on the assessed value of the property 
receiving service. During the period 
1919-50, however, Ottawa supplied 
water to several adjacent municipali- 
ties through master meters. In all of 
the latter municipalities, the water was 
fully metered and sold to the residents 
at varying rates fixed by the respective 
city councils. 

The National Capital Plan, adopted 
in 1949, called for increasing the area 
of Ottawa from 6,600 acres to 30,000 
acres. It was realized that the imple- 
mentation of this plan would, in a very 
short time, tax the water works sys- 
tem even beyond its normal rated ca- 
pacity. To meet this situation, Ot- 
tawa, the surrounding municipalities, 


‘. MacDonald, Comr. of Water Works, Ottawa 
Ont. 


and others represented on the Ottawa 
Planning Area Board engaged a firm 
of consulting engineers to report on 
water supply and sewage disposal for 
Ottawa and related areas. ‘The con- 
sultants recommended the construc- 
tion of a 24-milgal reservoir, the 
building of large feeder mains, and the 
complete metering of all services. 
These three recommendations had pre- 
viously been made by the author to 
the city council. 

Immediately after the report of the 
consultants had been received, plans 
and specifications were prepared for 
the construction of the large reservoir 
and for the installation of the most es- 
sential feeder mains. Bids were called 
for and contracts awarded for major 
works involving an expenditure in ex- 
cess of $6,000,000. Most of these 
large feeder main projects have now 
been completed, and the new storage 
reservoir went into service in July 
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Ottawa’s present water purification 
and pumping plant has a rated capac- 
ity of 42 mgd (Imp.) but, without 
adequate storage, can supply only 30 
mgd (Imp.) to the consumers. The 
new 24-mil gal storage reservoir will 
be sufficient merely to meet the re- 
quirements of the city during the next 
3 years. Therefore, further steps had 
to be undertaken immediately to in- 
sure an adequate supply of water at 
the end of this short period. 

Another important consideration 
was that water must be provided for a 
rapidly expanding city area. Reduc- 
tion of water waste makes possible the 
extension of the system to care for an 
equivalent amount of new consump- 
tion without increasing present filter 
and pumping facilities. Before an- 
nexation, the outside-city consumers 
supplied by the department were 100 
per cent metered. In the agreements 
enacted at the time of annexation of 
the neighboring areas it was specifi- 
cally stated that the meters presently 
installed on all services would be re- 
tained as a first step in the eventual 
realization of 100 per cent metering 
throughout the city area. The pur- 
pose of this proposal was essentially 
that any further supplies made avail- 
able through savings effected by me- 
ters were to be used for new consumers 
served by new water main extensions. 

Immediately after annexation, how- 
ever, urgent requests were made by 
the elected representatives for removal 
of all the meters in the new wards, 
which were, of course, totally metered. 
These elected officials demanded that 
the residents of the recently annexed 
areas be accorded the same treatment 
as the owners living in the older wards 
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of the city. This strong and vigorous 
agitation continued for 2 years. 

On Oct. 6, 1952, the author pre- 
sented an official report to the city 
council setting forth the relationship 
between consumption demands for fil- 
tered water and supply facilities. This 
report referred to the present in- 
equitable rate structure as well as es- 
tablishing the following pertinent facts 
about the water supply of the capital 
city: 


1. The Water Works Department, in 
recent years during times of peak con- 
sumption have not been able to meet the 
domestic and commercial demands plus 
the water required by the Canadian Fire 
Underwriters Association for fire ex- 
tinguishment. 

2. To alleviate this situation, it was 
necessary for the Water Works Depart- 
ment to inaugurate a plan whereby lawn 
sprinkling to all properties was prohibited 
3 days per week. 

3. The new Carlington Heights Reser- 
voir was recommended and is being con- 
structed to provide storage of filtered 
water to meet emergencies and to aug- 
ment the supply from the Filter Plant 
during periods of excessive demand. 

4. Surveys of population and consump- 
tion indicate that the new reservoir will 
greatly augment the supply and maintain 
pressures for fire extinguishment during 
peak periods for the next 2 or 3 years. 

5. The same surveys show that, with- 
out metering, within a period of 5 years 
the estimated demand for filtered water, 
even with the reservoir, will be in ex- 
cess of the total plant facilities. 


The situation was becoming critical 
and had to be met by the adoption of 
either one of the following policies: 
[1] the construction of additional fil- 
tration and pumping plant facilities, 
at an estimated cost of approximately 
$5,000,000; or [2] the installation of 
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total metering on all services, at an es- 
timated cost of $1,250,000. 

Many municipalities in the past 
have given little thought to the sub- 
ject of complete metering as long as 
the supply exceeded the demand, but, 
when the demand has begun to ap- 
proach the capacity of plant facilities, 
the authorities, from an economic point 
of view, have had to give serious con- 
sideration to universal metering. 


Reasons for Metering 


There are two reasons for the use of 
meters: [1] selling water through 
meters is the only logical and fair way 
of conducting the business, the only 
way that does not result in gross in- 
equalities and discrimination against 
some of the takers in favor of others; 
and [2] it is the only practical method 
yet found for restricting excessive 


waste. The first reason is the one 


that in the long run is controlling. 


It is unanswerable. In itself, it is a 
sufficient reason for the adoption of 
the meter system. As a practical mat- 
ter, however, under the conditions of 
the water works business as they have 
developed in Canada and in the United 
States in the last 40 years, the need 
for stopping waste has been more im- 
portant and has more often led to the 
installation of meters. 

When a water works system is first 
installed, all the plumbing fixtures in 
houses are new and are, in general, 
reasonably tight; people will ordi- 
narily draw only the amounts of water 
that they need, and waste is compara- 
tively small in amount. In time rust, 
the hardening of rubber 
parts, and other changes result in 
leakage from plumbing fixtures. Small 
leaks running constantly make little 
impression on people who do not real- 
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ize their significance. Eventually peo- 
ple become accustomed to the waste 
of water in their houses and grow in- 
different to it. It is the experience of 
American cities where the meter sys- 
tem has not been used that the con- 
sumption always increases more rap- 
idly than the population. It may be a 
long time before the output becomes 
double the legitimate use, but, after 
that point has been reached, the rate 
of use accelerates until three-quarters 
of all the water that is furnished is 
wasted. The only limit to the rise is 
due to the fact that a time comes when 
the new works required to supply the 
ever-increasing waste become so large 
and cost so much to build that the 
burden cannot be further borne, and 
a better method is adopted. 

A prejudice against the use of me- 
ters often arises from the thought that 
people will not be able to use as much 
water as they desire without making 
excessive payments for it. There is 
also the feeling that, if the consump- 
tion of water in the city should be re- 
duced to one-half or one-fourth of the 
present figure, each person would 
have to get along with one-half or one- 
fourth as much water as he now uses. 
These assumptions are not even re- 
motely true. The majority of people 
are reasonably careful in the use of 
water and do not waste excessive 
amounts. It is the minority who, 
through carelessness or willful waste, 
discharge water into the sewers in 
large quantities and increase enor- 
mously the amount of water that must 
be provided, ‘consequently raising the 
cost of water for all the people. 

At present the loss inflicted by the 
careless or wasteful is borne by the 
whole city. If a meter is put on every 
service, the people who waste water 
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will have to pay for it. Others will 
be relieved from the burden and the 
cost of water to them will be mate- 
rially reduced. The cost to the peo- 
ple who are now wasting water will 
also be reduced, if they are willing to 
learn by experience, as nearly all of 
them will, that they cannot waste 
water without paying for it. 

The introduction of meters has been 
an unqualified success in checking 
waste. When water is measured and 
all that is used or wasted is paid for, 
the quarterly bills are effective re- 
minders of the need for tight plumbing. 
People cease to be indifferent to con- 
tinuous flows of small quantities. 
Even the plumbers learn in time; the 
standards of plumbing in cities where 
the meter system has been in use for 
some time are higher than elsewhere. 
The general use of meters has been 
universally satisfactory and has fully 


justified all the expense and trouble of 
their adoption. 


Equity of Rates 

The present water rate structure at 
Ottawa is, in the author’s opinion, one 
of the most inequitable in Canada. 
The rates are not based on the price 
of the commodity as supplied to the 
consumer but in accordance with the 
assessed value of his property. In- 
stallation of meters on typical residen- 
tial services has definitely shown the 
inequalities which exist at present 
and would be corrected under a meter 
program. 

The main principle involved in such 
metering is that of payment by the 
consumer in direct relation to the 
quantity of water taken. The installa- 
tion of water meters is the first step in 
establishing this desirable condition; 
the system of water rates would also 


have to be further revised to remove 
certain irregularities that derive from 
the inclusion of the costs of providing 
water for fire protection in the meter 
or quantity rate. Not only should a 
new rate structure separate payments 
for the two functions of the water de- 
partment, but, with completion of the 
meter installation program, establish- 
ment of a lower minimum rate, con- 
sistent with good sanitary conditions, 
should also enable the careful water 
user to obtain a commensurate reduc- 
tion in his water bill. The careless 
user should pay for excessive use of 
water, but, on the other hand, the care- 
ful consumer should obtain a maxi- 
mum saving consistent with the finan- 
cial requirements of the department. 


Restriction of Excessive Waste 


In the United States, official records 
show that, where the water supply has 
been fully metered, tremendous sav- 
ings in consumption of water have been 
effected. Of seven cities, ranging in 
population from 175,000 to 300,000, 
which are totally metered, the average 
consumption is only 82 gpcd (Imp.). 
Many of these cities have large 
industries. 

In Canada, of 50 municipalities 
where meters are installed on an aver- 
age of 24 per cent of the services, the 
consumption is 133.9 gped (Imp.). In 
another group of 21 Canadian munici- 
palities, with an average of 96 per cent 
of services metered, the consumption 
is 79 gped (Imp.). 


Adoption of Program 


The official report recommending 
complete metering of all services was 
presented by the author to the mayor 
and members of the Ottawa Board of 
Control on Sept. 8, 1952. The report 
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was enthusiastically received, particu- 
larly by the mayor, who during the 
past 2 years had been a strong propo- 
nent of universal metering, but there 
was considerable opposition from one 
or two board members. The report 
was discussed at several meetings of 
the board and very little progress was 
made in securing unanimity of the 
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separately to the board of control. It 
was pointed out that the present Ot- 
tawa plant would have sufficient capac- 
ity to meet a substantial increase in 
population under a program of total 
metering, continuation of the present 
lawn-sprinkling restrictions, and strict 
adherence to the present annual leak 
detection survey. It was further em- 


Estimated Cost of Metering Entire City = 


No. of 
Services 
Metered 


No. of 
Services* 


No. of 
Services 
to Be Metered $ $s s 


1 

1 

1 

2 
2 
3 
4 
5 
6 
8 


Installation Total 


Cost Cost 


826,973 
53,974 
13,928 

2,745 
296 
14,655 
285 
22,489 
28,255 
7,706 
218.396 
8,728 


7.50 | 
7.50 
7.50 
12.00 
12.00 
12.00 
12.00 
300.00 
315.00 
315.00 
350.00 
400.00 


7,543 


Less cost of metering fire services (not considered advisable) 


30,297 | 


| 1,198,430 
48,430 


1,150,000 


Plus estimated cost of extensions to buildings, testing equipment, trucks, new 


office equipment, etc 


100,000 


Total 1,250,000 


* As of Dec. 31, 1951. 


members. Therefore, it was proposed 
by the mayor to invite both the author 
and the consulting engineer who had 
prepared the 1949 report previously 
mentioned to address a meeting of the 
board of control, with reporters from 
the three local newspapers present. 
This arrangement was carried out 
and detailed reports, both recommend- 
ing total metering, were presented 


phasized that, under a complete meter- 
ing program, if and when additional 
pumping and filter plant facilities are 
required, one-third less capacity would 
be needed than if the city were not 
further metered. This fact would un- 
doubtedly be the means of saving sev 
eral million dollars in future plant ex- 
tensions. Extensive accounts of this 
meeting were printed in the local pa 


~ 
Met 
Mm. 
33,470 
3 2,453 1,106 1,347 32.57 s 
774 522 352 47.77 
65 20 45 49.00 
203 200 3 86.85 
403 300 103 130.28 
2 0 2 130.28 | 
146 110 36 324.70 . 
97 64 33 541.20 7 
9 0 9 541.20 ae 
195 53 142 1,188.00 =- 
23 19 4 | 1,782.00 a 
— 
= 
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all of which published strong 
in favor of universal me- 


pers, 
editorials 
tering. 
Pending the official meeting of the 
city council, members of the water de- 
partment’s engineering staff were in- 
vited to speak before the Board of 
Trade, the Property Holders Assn., 
and the various service clubs. In prac- 
tically every instance, prior to adjourn- 
ment of the meeting, a resolution was 
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discussion, resulted in a very large 


majority in favor of complete meter- 
ing of all water services in er 


Meter Settings 


Immediately after the council had 
approved the policy of universal me- 
tering, the water department under- 
took an intensive study of the various 
methods of meter installation, par- 


Galvanized Iron 


Lead Pipe 


Wiped Joint 


Lead Pipe 


Fig. 1. 


7 


7 


prepared and forwarded to the sched- 
uled meeting of the city council. 

During the same interval, the mayor 
prepared and _ personally delivered 
many radio addresses over two of the 
local broadcasting stations. These 
were very favorably received by the 
public, as evidenced by the large num- 
ber of taxpayers who attended the 
council meeting on universal metering. 
The final vote, taken after considerable 


Conventional Meter Setting 


ticularly for the smaller sizes, with a 
view to determining the most efficient 
and economic method. The cost esti- 
mates shown in Table 1 were based on 
the regular method of installation 
(Fig. 1). For a galvanized-iron serv- 
ice, the cost of installing a 2-in. meter 
by this method averaged $6.71, com- 
prising $1.87 for material and $4.84 
for labor. An average of six such 
meters could be installed daily. 


» «6 
oft 
Elbow ¥ pt <———- 90-deg Elbow 
<— Stop and Waste 
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The labor cost using the conven- 
tional method was considered too high. 
After intensive research, the author 
designed a new type of meter setting, 
as shown in Fig. 2. This device is now 
available in both Canada and_ the 
United States and is being manufac- 
tured under patents pending in both 
countries. The new meter setting is 


entirely different from any other on 


ai 
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Installation Program 

Before proceeding with the pro- 
gram, the city prepared plans and 
specifications and invited bids covering 
the installation of small-size meters. 
The bids received ranged from a high 
of $25.00 to a low of $6.00 per instal- 
lation, exclusive of materials. All were 
rejected and the water department has 
undertaken the complete installation of 


Streamlined Copper 


a Solder Fitting - 


Seamless Copper Tube 


Bead ——> 


Streamlined Soldered Joint 


Copper 


Fig. 2. MacDonald Meter Setting on ey 


The MacDonald meter setting for copper services is illustrated. 
The seamless copper tube has an OD of 0.750 and a wall 


to galvanized-iron pipe. 


It is equally adaptable 


thickness of 0.062 in. 


the market and will permit substantial 
cost savings in the installation of 

and #-in. meters. For a 2-in. meter 
on iron pipe, the average installation 
cost is $4.41. Of this amount, $1.99 
is for material and $2.42 for labor. 
Even lower costs can be achieved on 
copper services. An average of twelve 
meters can be installed daily by the 


approximately 30,000 meters in 2 
years. The work has commenced and 
excellent progress has already been 
made in maintaining a monthly quota 
of settings. The cost records carefully 
compiled to date indicate that the city, 
mainly owing to the new type of meter 
setting, will be able to save more than 
$60,000 in the installation of small-size 
meters, 


| 
Bronze Elbow 
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During the 2 years it will take to 
complete this program, it is planned to 
read the meters regularly, but bills for 
excess water will be rendered only for 
the summer quarterly periods of 1953 
and 1954. No other excess-water 
charges will be made on metered. con- 
sumption until 75 per cent of all the 
residential properties have 
metered. 


Proposed Meter Rates 


The water department is now plan- 
ning the inauguration of a new rate 
schedule. In the author’s opinion, an 
adequate schedule cannot be estab- 
lished until the entire city has been 


been 
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fully metered and the exact loss in the 
distribution system accurately meas- 
ured. As soon as this has been 
achieved, the department plans to 
adopt a modern rate schedule based 
on: 

1. The establishment of a service 
charge. 

2. The fixing of a rate covering fire 
protection charges on all properties. 

3. The establishment of a rate for 
water per 100 cu ft, with provision for 
minimum quantities. 

It is the author’s desire that the new 
rate schedule should be strictly in ac- 
cordance with the reports and recom- 
mendations of the AWWA Committee 
on Water Rates. 


Quality of Public Water Supplies 


A series of U.S. Geological Survey reports on “The Industrial Utility of 
Public Water Supplies,” just completed, provides brief information for water 
users on the ownership, source of supply, treatment processes, and storage facili- 
ties of the larger water systems in the United States during 1952, as well as de- 
tailed chemical analyses of both raw and finished waters. Until a consolidated 
report for the entire country is prepared, the data may be obtained from nine 
separate circulars (listed below), available without charge from the U.S. Geologi- 
cal Survey, Washington 25, D.C. 


Circular 


Sis 447 
N.M., Utah, Wyo.” 
Minn., Mo., Neb., N.D., S.D. io) 


States Included 


Ala., Ky., Miss., Tenn. 
Ariz., Colo., Idaho, Mont., 
Iowa, Kan., 


Region 
East South-Central 
Mountain 
West North-Central 
West South-Central Ark., La., Okla., Tex. 
Pacific Calif., Ore., Wash. 
East North-Central Iil., Ind., Mich., 
South Atlantic Del., Fla., Ga., Md., 
Middle Atlantic N.J., N.Y., Pa. 
J ss., N.H., R.I., 


Nev., 


Jesh owe 
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Water Quality Yardsticks 
By W. L. Mallmann 


mf 


A paper presented on May 12, 1953, at the Annual Conference, Grand pq : 
Rapids, Mich., by W. L. Mallmann, Prof., Dept. of Bacteriology and 


Public Health, Michigan State College, 


ERIODICALLY the question 

arises whether a new yardstick for 
measuring the sanitary quality of wa- 
ter is needed. The question is well 
taken because it emphasizes the de- 
sirability of determining whether 
changes in operation or standard of 
quality of finished water warrant 
changes in methods of evaluation. 
The mere fact that the question is pro- 
pounded does not imply that changes 
are imperative or even necessary. It 
does mean, however, that the present 
status of measurements of sanitary wa- 
ter quality should be examined and 
placed in perspective. 

The bacteriological procedure pre- 
sented in Standard Methods for the 
Examination of Water and Sewage 
(1) and the quantitative standards 
formulated by the U.S. Public Health 
Service (2) are predicated upon the 
detection of the coliform organisms. 
When the coliform tests were first 
formulated, it was supposed that these 
organisms occurred only in the intes- 
tinal tract of man and animals and, 
consequently, that their presence in 
any water supply definitely indicated 
sewage contamination. Early workers 
applied the test to all water, rural 
sources as well as municipal supplies. 
By means of this test, water supplies 
were readily separated into two 
groups: those badly contaminated and 


East Lansing, Mich. wes 


those free, or at least relatively free, 
of contamination. Although the test 
was applied to rural well supplies, em- 
phasis was placed upon the checking 
of municipal waters. As improve- 
ments were made in methods of water 
purification, the test was used com- 
paratively, to show differences in the 
coliform numbers in raw and treated 
waters. 

Along with improved purification 
procedures, refinements and _ simplifi- 
cation of the coliform test have also 
been made. Although the coliform 
group consists of two principal species, 
Escherichia coli and Aerobacter aero- 
genes—the former predominantly of 
fecal origin and the latter primarily of 
nonfecal origin—the present coliform 
test includes both. The origin of the 
test organism has been ignored com- 
pletely in the present standard pro- 
cedure because the test was designed 
for municipal waters and a complete 
absence of any member of the coliform 
group is desired in 50 ml of water 
tested. 

The past 40 years have seen an in- 
crease in the strictness of bacterio- 
logical standards. Coliform organisms 
must now be absent in five 10-ml por 
tions (instead of five 1-ml portions as 
previously), with a tolerance of not 
more than 10 per cent positive 10-ml 
portions per month in a municipal 


~ 
7 


MALLMANN 


supply. These standards have been 
raised for two reasons: because greater 
safety was desired and because better 
purification techniques made it easier 
to attain high standards. 

It is true that the maintenance of 
present standards in municipal sup- 
plies gives a safe water. There have 
been no epidemics of typhoid fever or 
other enteric diseases traceable to wa- 
ters continuously meeting these stand- 
ards. The fact that the standards have 
resulted in safe water over a period 
of many years indicates definitely that 
there is no need to raise them further, 
although purification procedures would 
easily permit a decreased tolerance in 
coliform organism numbers. 

It should be clearly kept in mind 
that the present standard is one of at- 
tainability. The fact that present puri- 
fication methods permit municipal 


plants to maintain, without hardship, 


a standard of not more than one coli- 
form organism per 100 ml of water 
does not argue that a greater tolerance 
would result in a disease hazard. In- 
deed, a much greater tolerance could 
probably be adopted without danger, 
but the substantial safety margin pro- 
vided by present standards is desirable. 

Free residual chlorination intro- 
duced a considerable increase in that 
safety margin. In Detroit, prior to 
the establishment of this procedure, 
the finished water frequently showed 
false positives in the presumptive test 
using standard lactose broth. Accord- 
ing to unpublished data from the 
Michigan Dept. of Health, in January 
1946, at the Detroit Springwells plant, 
930 10-ml portions yielded 136 false 
positives. No coliform organisms 
were detected during the entire month. 
In January 1947, when free residual 
chlorination was practiced, only one 
false-positive tube was obtained out of 


Jour. AWWA 


930 10-ml portions examined. As 
usual, no coliform organisms were de- 
tected. 

These data indicate the marked in- 
crease in the safety margin that can be 
attained by the use of free residual 
chlorination. Even the spore-bearing 
gas producers that survived chlorina- 
tion prior to the maintenance of free 
chlorine residuals in the water supply 
have been destroyed. Free chlorine 
in a water means less taste and odor, 
so, from the standpoint of good opera- 
tion, the increased consumption of 
chlorine is justified even without con- 
sideration of the fact that the sanitary 
safety margin is increased. 


Culture Media 


Current bacteriological standards are 
easily attainable and their maintenance 
results in a safe water. Consequently, 
there appears to be no reason either to 
increase or to decrease these standards. 

The present procedure for the detec- 
tion of coliform organisms in water by 
the use of lactose broth in the presump- 
tive test and the use of either EMB 
agar or BGB as a confirmation test 
has produced satisfactory results as 
measured by water quality. In the 
author’s opinion, however, consider- 
able improvement of media and sim- 
plification of test procedures are 
possible. 

In 1941 Mallmann and Darby (3) 
introduced a new medium, called lauryl 
tryptose broth, for the presumptive 
test. This medium was designed in 
the laboratory to grow coliform or- 
ganisms in greater number and more 
rapidly, so that gas would appear in 
the inverted vials in the tubes at an 
earlier time. Besides, by the addition 
of lauryl sulfate, organisms responsi- 
ble for false positives were suppressed, 
thus decreasing the number of con- 
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firmations in BGB and EMB agar. 
In waters where false positives are 
frequent—at Detroit, for example— 
this medium saves considerable work. 
Occasionally, false positives may be 
obtained with lauryl tryptose broth 
but to a much more limited degree 
than with lactose broth. 

Lauryl tryptose broth is a more sen- 
sitive medium than is lactose broth. 
McCrady (4) observed an increased 
sensitivity in lauryl tryptose broth for 
all waters (Table 1). He stated: 


TABLE 1 
Sensitivity of Lauryl Tryptose Broth 


Positive 
Damas ae Pion & 


Tests 
(Lactose 
Broth = 100) 


Type of Water per cent 


Raw 105 
Unfinished 106 
Finished 106 
Swimming pools 113 
Wells and springs 117 
Sea 125 
Miscellaneous sources 137 


“These figures do not indicate much 
advantage, as regards positive com- 
plete confirmation, in substitution of 
[lauryl tryptose] broth for lactose 
broth in the examination of waters 
from purification plants, but it must 
be remembered that fewer positives 
had to be confirmed when [lauryl 
tryptose] broth was employed.” It 
may be concluded that this medium is 
an improvement over the standard 
lactose broth. 

Coliform Differentiation 


The coliform group is not a certain 
measurement of the sanitary quality 
of water, because the origin of those 
organisms is not necessarily confined 


WATER QUALITY YARDSTICKS 


919 
to the intestine of man and animals. 
There are definitely saprophytic forms 
capable of a free existence under en- 
vironmental conditions wholly differ- 
ent from their usual habitat in the in- 
testines. Coliform organisms may be 
forms that have adapted themselves to 
a new environment or they may be 
free-living forms that enter water from 
soil. 

Many papers have indicated that the 
so-called intestinal Esch. coli can be 
differentiated from coliform organisms 
of nonintestinal origin. Discussion 
has been largely academic and has 
usually been confined to laboratory 
studies with cultures whose history of 
origin is vague, or at least question- 
able. For example, based on the clas- 
sification of Stuart and others (5), 
the present author has isolated so- 
called fecal strains from sources where 
the existence of fecal strains would be 
difficult to explain. It is impossible 
to refute the statement that these or- 
ganisms originated in the intestines, 
but it is easily proved that their ex- 
istence in deep wells and other unpol- 
luted sources indicates that they have 
adapted themselves to their new habitat 
over long periods and their sanitary 
significance has completely disappeared. 

Assuming that coliform organisms, 
including the so-called fecal types, can 
adapt themselves to a free existence in 
water supplies, it is necessary to em- 
ploy supplemental criteria if they are 
to be used as indicators of pollution. 


Presence in Unpolluted Water 


It has been demonstrated that coli- 
form organisms may be present in 
water uncontaminated by sewage and 
also that an increase in population may 
occur. An excellent example was re- 
ported by Gowdy (6) at Los Angeles. 
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The water is impounded in seven suc- 
sessive reservoirs in its travel of 175 
miles during a period of 5 months. 
The water flows through conduits for 
most of the journey, and the open res- 
ervoirs are located in desert country 
devoid of runoff or human contamina- 
tion. Table 2 shows the coliform in- 
dexes for this water. 

It will be noted that a marked fall 
in coliform organisms and Esch. coli 
occurred in the Haiwee Reservoir, but 
a gradual increase appeared from this 
point on as the water progressed from 
one reservoir to the next; there was 


TABLE 2 


Coliform Organisms in Impounding 


Reservoirs 


Coliform | Esch. 
Index coli 
Index 


Location in Reservoir 


Inlet, Haiwee 86.0 


Outlet, Haiwee 9.2 


19.5 
23.5 
26.5 
31.9 
47.9 
26.3 


Inlet, Fairmont 


Outlet, Fairmont 
Inlet, Dry Canyon 
Outlet, Dry Canyon 
Outlet, Upper San Fernando | 
Outlet, Lower San Fernando | 
Outlet, Stony Canyon 3 
Outlet, Hollywood 6 


in the conduits be- 
tween reservoirs, where there was no 
possible contamination. There was a 
rise not only in the total number of 
coliform organisms but also in the 
Esch. coli index up to the Lower San 
Fernando Reservoir (from 4.7 to 
28.6). These figures are highly sig- 
nificant, as they represent an average 
for 5 years. 

If a water with a coliform index in 
excess of 1 is unpotable, this supply 
is unsafe and a se ges source of ty- 
phoid bacilli and 


also an increase 


pathogens, although a careful survey 
of the aqueduct area brought to light 
no evidence indicating fecal contamina- 
tion. Presumably, this supply should 
be a perfectly safe source of water 
without treatment in spite of the fact 
that it sometimes shows an average 
coliform index of 47.9, as determined 
by standard methods of analysis. (The 
author wishes to emphasize that he 
makes no such recommendation, as he 
firmly believes that all surface waters, 
irrespective of their sanitary condition, 
should be treated.) These data, which 
are representative of a number of sets 
of data available to the author, imply 
that low-level coliform indexes in a 
stream or lake may not be indicative 
of sewage pollution even in relatively 
low concentration. 
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Effect of Temperature 


It may be pointed out further that, 
in warm weather, unpolluted streams 
have relatively high coliform indexes, 
undoubtedly a result of cell multiplica- 
tion. This is shown clearly in the 133- 
mile aqueduct that connects the Hai- 
wee and Fairmont reservoirs of the 
Los Angeles water supply. The aque- 
duct is covered and is securely pro- 
tected against the entrance of storm 
waters. There is no possibility of 
either human or animal contamination. 
The monthly percentage of samples 
with one or more positive 10-ml test 
portions is given in Table 3. 

The effect of temperature is also 
shown in a shallow lake with a high 
biological activity that was examined 
by Mallmann and Sypien (7). Sam- 
ples were collected from the center of 
the lake during the months of June, 
July, and August. The lake is ap- 
proximately 1 mile long and ? mile 
wide, with a water depth of approxi- 


47 
8.8 
13.7 
16.7 
17.2 
28.6 
26.5 
7.3 
7.6 
| 
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mately 10 ft at the center. Both Esch. 
coli and Aer. aerogenes were found. 
The figures in Table 4 show that high 
coliform indexes may occur in the ab- 
sence of sewage contamination in lakes 
rich in organic content. 


Ohio River Studies 


Turning to the behavior of coliform 
organisms in water in which sewage 
contamination is known to exist, the 
classic studies of Frost and Streeter 
(8) show very clearly that the self- 
purification of the Ohio River can be 


TABLE 3 


Seasonal Variations in Coliform 


Population 
Month 
January 
February 
March 
April 


Positive 
Samples 
per cent 


May > 

June 
July 
August 
September 
October 
November 
December 


thin, 


- 
measured by the use of the coliform 


index. Briefly, they found that, in 
warm weather, the number of coliform 
organisms will be reduced to 10 per 
cent of the initial number in the course 
of 2 days and that the reduction will 
continue at the same rate until ap- 
proximately 1 per cent remains after 
44 days. Eventually a fairly uniform 
index is reached which will become 
more or less typical of the stream and 
begin to approach the condition exist- 
ing in aclean stream. Inasmuch as en- 
teric pathogens have a death rate in 
water somewhat comparable to coli- 
form organisms recently discharged 
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from the intestines, the coliform index 
in such streams as the Ohio becomes a 
fair yardstick for measuring the degree 
of sewage contamination. 


Eijkman Test 


Frequent attempts have been made 
to separate the coliform organisms on 
the basis of origin. In general, it has 
been assumed that Esch. coli is of in- 
testinal origin and Aer. aerogenes of 
soil origin. This distinction is true in 
the sense that the former predominates 
in fecal matter and the latter in un- 
manured soils. An attempt to sort out 
fecal and nonfecal coliform organisms 


TABLE 4 


Coliform Indexes in Lake With 
High Organic Content 


Indicated 
Sample Coliform 
No. Index 
8 
10,000 


10,000 


10 

10° 
was made by Eijkman (9) on the as- 
sumption that organisms accustomed to 
growing at body temperatures would 
have higher maximum growth tem- 
peratures than those used to growing 
at lower temperatures in soil. He re- 
ported that coliform organisms grow- 
ing at 45.5°C were of fecal origin and 
that coliform indexes obtained at this 
temperature represented true sewage 
contamination. 

An opportunity to measure the value 
of this test along with others developed 
by the author was presented by a 2- 
year study of sewage contamination of 
a bathing beach on Lake Erie. Com- 


= 
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parisons involving lactose broth, lauryl 
tryptose broth, and the Eijkman test 
were made. To interpret the data bet- 
ter, it is necessary to describe the bath- 
ing beach and the surrounding area in 
some detail. 

The beach is located on the west 
side of Lake Erie, just north of the 
Ohio border. The Raisin River, which 
empties into Lake Erie at the south 
end of the beach, carries the primary 
effluent from Monroe, Mich., and also 
considerable industrial wastes and 
sanitary sewage from a number of 
paper-manufacturing plants below the 
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be discussed. Samples were collected 
weekly throughout the summer months 
of 1944 and 1945. In 1944 sampling 
was started May 5 and stopped Oct. 
3. In 1945, sampling was started July 
18 and continued until Oct. 10. 

The comparative results for lactose 
broth and lauryl tryptose broth, shown 
in Table 5, indicate, as would be ex- 
pected from previous studies, that the 
older, attenuated coliform cells grow 
out better on lauryl tryptose broth. 
The data show definitely that, as the 
pollution gradually moves down the 
beach, a marked diminution of coliform 


TABLE 5 


Comparison of Lactose and Lauryl Tryptose Broths 


Coliform Index 


Distance From 
Mouth of 
Raisin R. 


miles 


Lactose 


Lauryl Tryptose 


17,000 
760 
440 
200 
220 


1.300 


100 
100 


city and near the mouth of the river. 
The river is heavily polluted. The 
bathing area starts approximately 1 
mile north of the mouth of the river 
and is approximately 1 mile in length. 
Slightly over $4 mile farther down the 
beach, a small creek empties into the 
lake. There is no sewage pollution in 
this stream. 

Samples were collected approxi- 
mately } mile off shore, where the 
water is approximately 10 ft deep. 
Samples were also taken near the 
shore, in water approximately 3 ft 
deep. Because the latter gave results 
similar to those obtained from deep 
areas, only the deep-water samples will 


organisms occurs. This fact is indi- 
cated by both media, but the number 
recorded with lauryl tryptose broth is 
proportionately higher than that with 
lactose broth at the station farthest 
away from the source of pollution. 
When isolations were made from 
EMB agar plates, the ratio of Esch. 
coli to Aer. aerogenes did not change 
materially as the sewage pollution pro- 
gressed along the bathing beach. Inas- 
much as a marked reduction in total 
bacterial population occurred, indicat- 
ing good self-purification of the water, 
it might be expected that a greater fall 
in so-called fecal coliform organisms 
would result, so that the proportion 


4 
4 
| ‘ 
7 0 000 
1 1,700 4 
1} 1,100 
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of Aer. aerogenes would increase as 
purification progressed. 

The comparative results for lactose 
broth and Eijkman tests are given in 
Table 6. Bacterial populations de- 
creased on both media as the sewage 
pollution moved away from the source. 
Both indexes decreased at’ approxi- 
mately the rate, as indicated by 
the ratio between the two media at 
the various sampling points. The data 
show that the Eijkman test does not 
yield any additional information on 
the degree or type of pollution. All 
that is indicated is the fact that the 
majority of the coliform organisms 
present, even in the heavily contami- 
nated area, fail to grow at 45.5°C 
The data show that the organisms ca- 
pable of growth at 45.5°C survive ex- 
posure in proportionately the same 
numbers as those capable of growth at 


wt. 


same 


Need for Research 


These studies confirm many obser- 
vations by others that no reliable 
method of differentiating fecal and 
nonfecal coliform organisms exists. 
Such a method is definitely needed, 
particularly for rural well 
which are sometimes condemned owing 
to the presence of nonfecal coliform 
organisms. Further research utilizing 
new methods of differentiation em- 
ployed in typing Salmonella might be 
productive. 

As stated earlier in this paper, the 
coliform test using the USPHS stand- 
ards is not always applicable to ruval 
water supplies because the coliform 
organisms are not comparable in origin 
or numbers to those appearing in mu- 
nicipal waters from sewage-contami- 
nated sources. In Michigan, where 
ground waters are abundant, there are 


supplies, 


few areas where coliform-negative 
waters are not readily accessible in 
wells from 25 to 150 ft in depth. 
When waters containing nonfecal coli- 
form organisms are condemned on the 
basis of the present standard proce- 
dure, no real hardship is inflicted by 
the necessary relocation or deepening 
of the well. The requirement of a 
water with a coliform index of less 
than one is at present good public 
health policy in Michigan. 

Not all areas of the United States 
are as fortunately situated geologically 
as Michigan in regard to ground wa- 
ters. In some areas, it is particularly 
difficult to obtain water free of coli- 

Comparison of Lactose Broth 
and Eijkman Tests 


Distance Coliform Index 
From Mouth of 
Raisin R. 


miles Lactose 


E 


0 870 
1 7 
1} 34 


2 
24 


form organisms. <A careful sanitary 
engineering survey of the coliform- 
contaminated well often fails to reveal 
any mechanical defect in the well or 
any contaminating source in its vicin- 
ity. Although numerous rural water 
supplies contain coliform organisms, 
there is frequently no epidemiological 
evidence of enteric disease that might 
be traced to water supplies. 

The author believes that research 
should be initiated on the bacterial 
flora of rural water supplies: [1] to 
determine the significance of the coli- 
form test; and [2] to develop new 
methods using either coliform organ- 
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isms or other organisms that might 
indicate fecal contamination. 

The author and his coworkers have 
been engaged for the past two decades 
in research on the incidence of strepto- 
cocci in swimming pools. In 1938 
Mallmann (10) reported on strepto- 
cocci as indicators of swimming pool 
pollution. Buccal contamination of 
swimming pool waters was believed to 
be equal to, if not of greater signifi- 
cance than, fecal contamination. Inas- 
much as streptococci were found to 
have a greater resistance to chlorine 
than coliform organisms, the mainte- 
nance of a pool with a minimum con- 
tent of streptococci (MPN 2-6) was 
set as a goal of attainability. It may 
be of interest to report that the nine 
pools in the Lansing, Mich., area ex- 
amined routinely by the author have 
met this standard for the past 20 years. 

In 1950 Mallmann and Seligmann 
(11) reported on a new medium, dex- 
trose azide broth (Rothe), for the de- 
tection of streptococci in water and 
sewage. This medium, which has been 
used routinely on all pool samples since 
1950, is selective for streptococci and 
yields a higher number from samples 
tested than Streptococcus faecalis 
(SF) broth (12), azide broth (Mall- 
mann) (13), or lactose broth. 

Litsky, Mallmann, and Fifield (14) 
report a new medium, ethyl violet 
azide broth, for the detection of entero- 
cocci. It serves as a confirmatory me- 
dium for checking streptococci de- 


tected in dextrose azide broth, which 


is used as a presumptive medium. 
These media have yielded much higher 
enterococci indexes than SF medium 
(12) and Sandholzer and Winter’s 
media (15). 

The use of enterococci as detectors 
of fecal contamination, employing these 
media, offers many possibilities for 


measuring sanitary quality in numer- | 


test has not been satisfactory. Only 
research using these media will demon- 
strate whether they may supplant or 
supplement the coliform test. 


Summary 


1. The'coliform test is a satisfactory 
method of measuring the sanitary qual- 
ity of municipal water supplies. 

2. The use of fecal type coliform or- 
ganisms for measuring the sanitary 
quality of water is not applicable as 
yet, owing to the lack of a satisfactory 
method of identification. 

3. A new yardstick for measuring 
the sanitary quality of rural water sup- 
plies is needed. The absence of coli- 
form organisms in rural water supplies 
indicates a satisfactory water, but their 
presence does not necessarily indicate 
an unsafe supply. 

4. The use of streptococci for meas- 
uring the sanitary quality of swimming 
pool water is suggested. 

5. New media for the detection of 
enterococci that yield higher incidences 
than media previously proposed offer 
a new yardstick for measuring fecal 
contamination in instances in which 
coliform tests have been unsatisfactory. 
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The coliform test has been in use 
for more than 60 years as an indicator 
of the pollution of water. The tech- 
nique has undergone many changes 
and modifications during that time. 
Originally it was concerned only with 
the detection of the “fecal” members 
(such as Esch. coli) of the coliform 
group, but, as experience in water ex- 
amination grew and as newer and bet- 
ter methods of water treatment were 
developed, the procedure was altered 
until it is now a much more inclusive 
test and covers all of the members of 
the coliform group. 

Trends in the United States have 
been in quite a contrary direction to 
those in other parts of the world, par- 
ticularly Europe, where only “fecal” 
members of the coliform group are 
still used as an indication of water 
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Oty 
quality, the presence of other members 
(such as Aer. aerogenes) being disre- 
garded. The net result is that stand- 
ards of water quality in the United 
States, as established by the U.S 
Public Health Service, are much more 
severe than elsewhere. It should be 
borne in mind, however, that Ameri- 
can standards are based on what it is 
both technically and economically pos- 
sible to achieve in the United States. 
In many other countries, such high 
standards could not be readily met, 
chiefly because the types of treatment 
economically possible probably would 
not result in production of a water 
with an MPN index of less than one 
coliform organism per 100 ml. Meth- 
ods employed in the United States are 
an excellent check on water treatment 
possible there and on rigid standards 
of water quality. They are not nec 
essarily the sole indicator of the ulti 
mate safety of water for dietetic pur- 
poses, because coliform organisms may 
be present in water without danger 


that enteric disease will develop in the 
consumers. 

With the gradual disappearance of 
typhoid fever and similar waterborne 
enteric diseases in this country, there 
arises the question of the possible pres- 
ence of other infective agents in water, 
not revealed by the current standard 
bacteriological techniques that have 
proved so excellent a measure of sew- 
age pollution. 

The development of the streptococ- 
cus test, discussed by the author, is a 
further step forward in the appraisal 
of water quality. If only sewage pol- 
lution were involved, perhaps such 
refinements would not be necessary. 
In bathing waters, however—espe- 
cially in swimming pools—fecal strep- 
tococci are undoubtedly a more signifi- 
cant indicator of pollution than is the 
coliform group of bacteria. Thus, the 
information on water quality furnished 
by the quantitative results of a fecal 
streptococcus test is certainly essen- 
tial for the control of bathing waters. 


Virology 


Trends in public health are very 
definitely in the direction of studies in 
virology and modes of transmission 
of diseases caused by the virus type 


of microorganism. It is well known 
that many kinds of viruses inhabit the 


intestinal tract; they must, therefore, 
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be present in sewage and would ap- 
pear in sewage-polluted water, whether 
the supply is intended for domestic 
use or as bathing water. 

Unfortunately, present information 
on viruses does not permit determin- 
ing whether these intestinal inhabi- 
tants remain in the water longer than 
the coliform group or whether they are 
subject to destruction by the methods 
of water treatment that are effective 
in eliminating bacterial forms. Con- 
sequently, it is essential that this phase 
of water bacteriology be thoroughly 
investigated: [1] to determine the 
quantitative relationship of virus pol- 
lution to coliform pollution of water; 
{2] to determine the relative rates of 
survival of both under natural con- 
ditions and with treatment; and [3] 
to develop methods for the quantita- 
tive detection and enumeration of 
viruses in water. Such studies have 
been undertaken by the Div. of Labo- 
ratories and Research of the New 
York State Dept. of Health, and it is 
hoped that some preliminary data will 
soon be available. 

Until more information on the pos- 
sibilities of survival of intestinal vi- 
ruses in water and on the quantitative 
significance of streptococci is collected, 
it would seem essential to retain pres- 
ent standards and procedures based 
upon the density of the coliform group 
in a given sample of water. it gs 
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Water Be Reevaluated”? 


By Max Levine 


wi portion of a paper presented on Oct. 30, 1952, at the California Sec- 
tion Meeting, Pasadena, Calif., by Max Levine, Chief, Bureau of Labs., 


N the first edition (1905) of Stand- 

ard Methods (1), as in the first 
studies on the Ohio River in 1914, the 
characteristics of organisms considered 
to be of sanitary significance were very 
carefully delineated. They had to be 
Gram-negative short rods, actively 
motile ; reduce nitrates ; produce indol ; 
not form spores; and not liquefy gela- 
tin. It required several weeks to de- 
termine all of these characteristics. 
Many coliform strains now accepted 
as significant were, therefore, excluded 
at that time. 

The then standard methods of iso- 
lation, particularly with employment of 
the lactose bile presumptive test, were 
conducive to the loss of a very large 
proportion of coliform bacteria (as the 
term is now employed) and even a 
considerable proportion of the  so- 
called typical B. coli communis (Esch. 
coli). At that time, the quantities of 
water tested were small—five 1-ml 
portions—and a supply was consid- 
ered good if B. coli communis (Esch. 
coli) was absent from a majority of 
these 1-ml portions. 

Improvements in methods of isola- 
tion ordinarily would be expected to 
result in relaxation of standards— 
that is, allowance of a somewhat 
greater incidence of B. coli communis, 
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as that was the standard test organism 
—but the reverse has actually been 
true of water analysis in the United 
States. The concept of what consti- 
tutes an organism of sanitary signifi- 
cance (and, therefore, an index of pol- 
lution) was broadened by the simple 
procedure of redefining it to include 
all Gram-negative rods which ferment 
lactose with gas production, do not 
produce spores, and grow aerobically. 
Furthermore, 10 ml was adopted as 
the volume of the standard test por- 
tions for bacteriological examination, 
with not more than 20 per cent per- 
mitted (in 1914) to be positive for 
members of the coliform group. Later 
(1925), in consequence of the devel- 
opment and acceptance of chlorination, 
the tolerance for positive portions was 
decreased to 10 per cent. 


Dual Nature of Standard pasts > 


That such a rigid standard could be 
met is a compliment to the engineer- 
ing practices developed for treatment 
and purification of water supplies. It 
should be borne in mind, however, 
that the coliform index, as now em- 
ployed, thereby became something 
more than an index of safety: as ap- 
plied to treated water supplies, it is 
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simultaneously an index of attain- 
ability. 

Failure to give adequate recognition 
to this dual nature of the basis upon 
which, in the author‘s opinion, the 
present standard for drinking waters 
was evolved has led to confusion and 
legal complications, and may even re- 
sult in chaotic conditions as attempts 
are made to apply this standard di- 
rectly to other foods or beverages. 

To illustrate the point of view being 
presented, it need merely be brought 
out that standards for mechanically 
operated swimming pools are generally 
the same as those for drinking waters 
(approximately one coliform per 100 
ml) but, for bathing beaches, an in- 
dex of 50 per 100 ml is considered 
very satisfactory—in fact, “Class A” 
—and even 1,000 per 100 ml is actu- 
ally permitted. In West Virginia, for 
example, such a water is considered 
Class A for recreational purposes. 

It is, therefore, not surprising that 
lay personnel, including members of 
the legal profession and even physi- 
cians and engineers, should be con- 
fused if asked to explain why a bath- 
ing beach is considered Class A if its 
water shows a coliform index of 50 or 
100, whereas a swimming pool, with a 
much smaller index (say, 10) would 
be condemned. ‘This confusion and 
apparent inconsistency disappears when 
the dual nature—safety and attain- 
ability—of the coliform index concept 
is recognized. 

Consciously or unconsciously, this 
principle of attainability in setting 
standards based on the coliform index 
is actually being employed by regula- 
tory officials. Thus, in the revised 
U.S. Public Health Service shellfish 
industry manual (2), the permissible 
coliform index was raised from an 
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MPN of less than 230 to 2,400 when 
it was found that the lower index 
was economically inapplicable to soft- 
shell clams. The coliform index 
standard for oysters is far less rigid 
than that for water, and the recom- 
mendation to exclude the Aerobacter 
group from the index is further indi- 
cation of recognition, perhaps uncon- 
scious, of the concept of attainability. 

The fact that the present drinking- 
water standard was designed for wa- 
ters which are, or can be, subjected to 
special treatments is all too often dis- 
regarded or not appreciated; and the 
tendency to project this rigid standard 
into the evaluation of the sanitary 
quality of frozen fruit juices, untreated 
waters, or even treated stored waters 
in tropical or subtropical localities is 
leading to much confusion and serious 
conflicts of opinion. Hawaii, for ex- 
ample, is confronted with the prob- 
lem of high coliform indexes, due par- 
ticularly to forms other than Esch. 
coli, in water supplies from protected 
watersheds. 

Attempts to apply a single, inflex- 
ible coliform standard, designed for 
treated waters on interstate common 
carriers, to a number of very different 
local conditions leads to administrative 
difficulties. The indications are that 
reexamination of the basic concepts 
of sanitary indexes of pollution is 
warranted. 

The English consider only the indol- 
positive strains of coliform bacteria as 
having sanitary significance, thus dif- 
fering markedly from the American 
concept. This means that they dis- 
regard a very large proportion of the 
strains in the genus Aerobacter, many 
of the intermediates, and even a num- 


a classify as Escherichia. 
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The Germans, through the use of 
the original Eijkman test, not only 
eliminate the entire genus Aerobacter 
but practically all strains of the inter- 
mediate (former Citrobacter) group 
as well. (Many of these grow but do 
not produce gas at 46°C and would, 
therefore, be missed.) Moreover, 
American experience i. dicates that 
many typical Esch. coli strains will not 
produce gas when examined by the 
original Eijkman test. 

The question has been posed 
whether the present standards for 
drinking waters, and especially for 
nonchlorinated, but otherwise ade- 
quately protected or stored, water sup- 
plies and other beverages, should be 
reappraised and, if necessary, modified. 
In this connection, three lines of 
thought have been projected : 

1. To supplement the present coli- 
form index standard by incorporation 
of other possible indexes of pollution, 
such as tests for enterococci or even the 
various nonlactose-fermenting Gram- 
negative rods, among which are in- 
cluded some of the intestinal pathogens. 

2. To relax the present standard by 
permitting a higher coliform index 
while employing the present coliform 
group. 

3. To relax the present standard by 
incorporating recommendations for the 
differentiation of coliform types, some 
of which may be regarded as not being 
of sanitary significance. 


Supplementary Tests 


The coliform index was predicated 
on the assumption that typhoid fever, 
a disease peculiar to man, was the 
primary, if not the sole, waterborne 
disease of concern to this country ; be- 
cause of the difficulty and impractica- 
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bility of isolating this specific patho- 
gen, a count of the rather easily iso- 
lable coliform bacteria was adopted as 
a reasonable index or criterion of the 
probable relative incidence of typhoid 
organisms. Thus, the presence of 
coliform bacteria, in a stipulated vol- 
ume of water, is considered an indi- 
cation of danger and its absence a 
criterion of safety. 

The universality of these criteria of 
hazard and safety has been questioned 
by qualified sanitary engineers and 
others. Such criticism is based pri- 
marily on reports in the literature in- 
dicating that gastroenteritis and even 
typhoid fever have been associated with 
water supplies presumably meeting the 
rigid USPHS standards and _ that 
many strains of Gram-negative non- 
lactose-fermenting bacteria pathogenic 
for man and particularly for young 
children (for example, some strains of 
the genera Salmonella, Shigella, Pro- 
teus, and Pseudomonas) might be 
present in waters even in the absence 
of coliform bacteria. 

These deficiencies of the coliform 
index have brought forth suggestions 
for the establishment of supplemental 
tests, such as an “enterococcus index,” 
or the utilization of newly developed 
techniques to detect specific enteric 
pathogens—dysentery (Shigella) and 
paratyphoid-like (Salmonella) organ- 
isms. Certainly, these possibilities 
should be explored. 


Relaxation of Coliform Standards 


Thanks to improvements in water 
quality, immunization, and sanitation, 
typhoid fever is disappearing. The 
case rate in Massachusetts fell from 
64 per 100,000 population in 1914 to 
0.73 in 1946—a drop of 98.6 per cent 
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(3). The incidence of wer fever 
cases and carriers contributing to 
stream pollution is consequently mark- 
edly decreased. Cox (3) noted that 
half of the typhoid carriers in New 
York State were over 60 years of age, 
so that an accelerated decrease in the 
contribution of typhoid bacilli is to be 
expected in the future. Consideration 
of these facts led to the suggestion (3), 
in Massachusetts (where some cities 
were experiencing difficulties in com- 
plying with the existing coliform 
standard), that, because the ratio of 
coliform to typhoid bacteria in pol- 
luted water is increasing, a higher 
coliform index could now be per- 
mitted in water while maintaining the 
same factor of safety which existed in 
1925 when an index of one per 100 ml 
was adopted. 

This is an interesting point of view 
on the relaxation of the present stand- 
not really as 


ard, but the problem is 
simple as this approach would seem 


to indicate. It is suggested that, rec- 
ognizing the principle of attainability, 
such a universal relaxation in stand- 
ards would not be necessary, or de- 
sirable, for most water supplies. Fur- 
thermore, by incorporating the prin- 
ciples of attainability and differentia- 
tion of coliform types into the concept 
of the sanitary significance of coliform 
bacteria, a modification of present 
standards could be justified for spe- 
cial situations without falling back on 
the probably unwarranted assumption 
that the 1925 standard was really 
predicated upon safety, based on the 
ratio of typhoid to coliform bacteria 
in sewage; thus, universal relaxation 
in standards would be avoided, for 
only on their merits would special 
situations need to be considered for 
modification. 
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Coliform Differentiation 


In view of English and German 
practice previously referred to, it is 
evident that many qualified scientists 
do not consider all coliform bacteria 
to be of the same sanitary significance. 
Fredericq and Levine (4) reported 
in 1947 that many coliform strains are 
markedly antibiotic against such in- 
testinal bacterial pathogens as para- 
typhoid B (Salmonella schottmuel- 
leri), Salmonella enteritidis, and many 
of the dysentery (Shigella) strains— 
enteric pathogens that are far more 
prevalent today than is typhoid fever. 
These Salmonella and Shigella strains, 
when inoculated heavily on agar plates 
upon which antibiotic coliform colonies 
had developed, did not grow within an 
area 30-60 mm in diameter around the 
coliform colonies, indicating that a 
very effective diffusible antibiotic was 
produced. 

Recently Levine and Tanimoto (un- 
published) have encountered coliform 
bacteria in Hawaii that are antibiotic 
against all of 23 available stock ty- 
phoid phage types, 44 of 45 Salmonella 
types, and 20 of 21 Shigella types 
tested, and also against the Arizona 
paracolon and coliform serotypes O- 
111 and O-55 reported responsible for 
infant diarrheas. 

Surely coliform bacteria that are 
antibiotic against intestinal pathogens 
should not be looked upon with the 
same degree of suspicion and accorded 
the same sanitary significance as is at- 
tributed to strains that are inert or 
that may even stimulate the growth of 
enteric pathogens. The desirability 
and necessity for more intensive and 
discriminating studies of the various 
strains of coliform bacteria must be 
evident. 
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Need for Reevaluation and Research 


Enough has probably been said to 
indicate that there is a need, not only 
for reevaluating the sanitary signifi- 
cance of the coliform group of bacteria, 
but also for a thorough search for 
other possible indexes that might 
either supplement or, in special in- 
stances, possibly replace the coliform 
index. 

That confusion and difficulties have 
resulted from attempts to apply a sin- 
gle, inflexible coliform index standard 
to a variety of local conditions has al- 
ready been indicated. The need for 
discretion in adoption, and exercise of 
judgment in application, of standards 
is evident. 

The incidence of the coliform group 
is still the best and most reliable single 
sanitary index of pollution, but care 
must be taken, on the one hand, not to 
be so lulled into a false sense of se- 
curity by the absence of coliform bac- 
teria that studies on the possibility of 
finding and developing other indexes 
are neglected; and, on the other hand, 
not to continue to accord the same 
sanitary significance to a given coli- 
form index for all localities and types 
of waters (or other beverages) ir- 
respective of the nature of the coliform 
bacteria constituting that index. 

Finally, it must be apparent that 
answers to the questions raised can- 
not be adequately supplied nor can 
present standards be markedly changed 
without considerable exploratory and 
basic fundamental research in the 
fields of intestinal, soil, and plant bac- 
teriology. Among the types of studies 
that need to be prosecuted and _ that 
hold promise of yielding valuable in- 
formation may be listed: 

1. Development of selective media 
for isolation of members of the genus 
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Escherichia from mixtures with other 
coliform bacteria 

2. Utilization of the selective bac- 
teriostatic properties of chemical com- 
pounds, antibiotics, bacteriophages, and 
other bacterial metabolites as tools for 
isolation and differentiation of fecal 
from plant varieties of coliform bac- 
teria 

3. Development of adequate tech- 
niques for detection, differentiation, 
and quantitative estimation of strepto- 
cocci in sewage, water, and various 
foods 

4. Differentiation, by biochemical 
properties and particularly by anti- 
genic analysis, of coliform bacteria en- 
countered in man or other animals 
from those growing in plants or pres- 
ent in soils not fertilized by animal 
manures 

Antibiotic interrelationships among 
members of the genera Escherichia, 
Aerobacter, Proteus, Salmonella, Eber- 
thella, Shigella, and Erwinia 

6. Incidence and differentiation of 
types of coliform bacteria in feces of 
human beings at various ages and of 
different races. 

7. Incidence and types of members 
of the Proteus and Pseudo- 
monas in feces of man at various stages 
of his development. _ 


genera 


= 
Attempts to apply a single, inflexible 
coliform standard, which was origi- 
nally designed for treated waters on 
interstate common carriers, to waters 
originating in, and subjected to, a 
number of very different local condi- 
tions with regard to treatment, stor- 
age, and temperature have led to ad- 
ministrative difficulties in some 
tions of the United States, hs 
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Although the objective of bacterial 
standards is safety, the problem of at- 
tainability is inherently a factor that 
determines what is considered an ac- 
ceptable standard. This may be seen 
from a consideration and comparison 
of coliform index standards for swim- 
ming pools with those for bathing 
beaches, of standards for water with 
those for oysters and other foods, and 
so forth. Failure to recognize and 
appreciate this dual nature of bacterial 
standards—safety and attainability—is 
conducive to inflexibility in their ap- 
plication and renders difficult the prob- 
lem of convincing legal authorities that 
the standards are rational and 
sonable. 

The need for more intensive 
discriminatory studies of the coliform 
group of bacteria, with particular ref- 


erence to their origin, viability in na- 


ture, and antigenic components, is 
stressed, and it is pointed out that 
many coliform bacteria are antibiotic 
against enteric bacterial pathogens. 
Attention is called to the possibilities 
of developing supplementary indexes, 
such as the incidence of enterococci, 


mall 


1 


rea- 


and 


Jour. AWWA 
the 

and the detection of specific pathogens. 
A list of suggested investigational 
studies that hold promise of yielding 
useful information upon which to base 
bacterial indexes of pollution is pre- 
sented. 

There should be constant alertness 
to the hazard of employing standards 
arbitrarily as a substitute for due ap- 
praisal of their applicability to situa- 
tions under consideration. Standards 
should serve rather as reference points 
for discriminatory judgment. 
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By Alexander Goetz 


Pasadena, Calif. 


HE customary use of molecular 

filter membranes for bacteriologi- 
cal water assays, about which a num- 
ber of papers have been published 
(1-7) since 1951, has, in spite of many 
yutstanding advantages, a few points 
n its disfavor in comparison with 
tandard procedures. Although these 
lisadvantages appear to have retarded 
the general acceptance of the molecular 
filter method, an analysis indicates that 
ilmost all of them result from the pres- 
ent manner of application rather than 
from the basic principle or the specific 
performance of the molecular filter ma- 
terial as such. These disadvantages 
ire: 

1. For untreated water samples of 
entirely unknown bacterial count, the 
volume of water to be filtered and the 
dilution rate cannot be predetermined, 
thus requiring the use of several sepa- 
rate filtrations in order to arrive at a 
bacterial concentration on the mem- 
brane that permits a reliable count 
(4). In view of the high price of the 
filter material, this has been considered 
to be a serious economic handicap, 
especially for mass tests, 

2. High concentrations of coliform 
rganisms, or of noncoliform organ- 
sms coexisting with small coliform or- 
ganism populations may prevent satis- 
factory growth development (Endo 
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sheen) and may result in uncertain in- 
formation (5-7). 

3. There prevails a general uncer- 
tainty on how to correlate the statisti- 
cal values of the “most probable num- 
ber” as defined in Standard Methods 
with the membrane filter count. 

Briefly, the purpose of the innova- 
tion described in this paper is to meet 
all the above objections, and also, for 
reasons of economy, to crowd more 
significant information on a membrane 
area. The concentrometer method is 
designed, and has so far been able, to 
cut substantially the cost of the filter 
materials necessary for each test. On 
the other hand, the method does not 
require an alteration of the already de- 
veloped techniques of nutrition and 
incubation or of the basic membrane 
materials available at present; the 
membranes differ only in shape and 
assembly from those in use at present. 
The procedure consists of a new physi- 
cal application of the molecular filter 
membrane to the isolation of suspended 
matter and bacteria from water 
samples. 


Concentrometer Principle 


The basic purpose of the concen- 
trometer is the production of a cuneal 
(wedge-shaped) deposit on the filter 
that does not require a graded porosity 
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membrane or support. The principle 
of operation may be illustrated by a 
simple example: Assume a rectangular 
tank, containing the water sample vol- 
ume abx (Fig. 1), one side of the tank 
being a rigid, but porous, wall support- 
ing a rectangular membrane (MF) 
and all the other walls being imperme- 
able. If a vacuum can be applied to 


because the volume of the liquid forced 
through each horizontal section of the 
membrane will depend upon the level 
of the liquid within the tank, which, 
as it is gradually lowered, passes a de- 
creasing fraction of the filter area. As 
the deposit is proportional to the vol- 
ume that has passed through each 
oer section of the membrane, 


i. 


Schematic Illustration of Concentrometer Principle 


Top: rectangular tank with molecular filter membrane (MF) wall (width b, height 


x, depth, a). 


Bottom: schematic vertical cross section of tank. 


To the right of MF, 


the sample volume is divided in five equal layers; to the left of MF the flow passing 


each section is shown, with corresponding volumes in identical hatching. 
The area under the steps and that under the 


shows the actual flow distribution. 


The curve 


curve equal the tank area. 


the porous wall (or a positive pressure 
to the tank), the water contained in 
the tank will be forced, and thus fil- 
tered, through the membrane, and a 
deposit of the matter suspended in the 
water will be formed on the inside of 
the membrane. Contrary to normal 
filtration procedures, this deposit will 
not form a uniform layer but a wedge, 


the deposit will be denser in the lower 
than in the upper part, but it will be 
uniform within each horizontal section. 

This action is schematically illus- 
trated in Fig. 1 (bottom), which shows 
a vertical cross section of the tank 
with the MF wall as its left border. If 
the membrane is regarded as_ being 
divided into five horizontal sections, 
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the average quantities that pass through 
each section are represented by the 
abscissa of the step curve at left. 
When the water level in the tank has 
dropped from the top to the bottom of 
Section 1, one-fifth of this volume has 
passed through that section, because 
every other section passes the same 
quantity simultaneously. Thereafter 
no more water can pass through Sec- 
tion 1. Similarly, one-fourth of the 
remaining volume of water in the tank 
is filtered through Section 2 (in addi- 


Fig. 2. Exponential Flow Function 


Left: exponential flow function (volume, 

V, versus height, x) of molecular filter, 

corresponding to serial-dilution (MPN) 

technique. Right: corresponding flow 
scale on filter frame. 


tion to the one-fifth of the total volume 
previously passed), and so on until 
Section 5 (the lowest section) has to 
filter all the water left in the tank, in 
addition to the quantity that has al- 
ready passed through. In reality, the 
process is continuous, so that, in Fig. 
1, the line curve rather than the step 
curve represents the flow through each 
section and thus the deposit density— 
that is, the profile of the wedge formed 
by retained particles. 
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It is apparent that this type of filtra- 
tion through a vertical filter is possible 
only if the pores of the filter remain 
impermeable to air when they are no 
longer submerged in the liquid. Other- 
wise, it would be impossible to main- 
tain a pressure differential across the 
porous wall and _ facilitate filtration 
when the liquid level does not cover 
the wall completely. is 


Fig. 3. Profile of Container 


Top: vertical cress section showing tank 
profile resulting in exponential flow dis- 
tribution through height, x, of filter. 
Maximal length of container, b, corre- 
sponds to tank depth, a. Bottom: hori- 
zontal cross section for rectangular (a) 
and trapezoidal (a’) shape; the latter 
reduces bmax to b’max. The area of the 
rectangie equals that of the trapezoid. 
(Vertical scale, x, is exaggerated.) 


uniquely fulfilled for liquids with the 
surface tension of water when the pore 
sizes in molecular filter membranes are 
those required for the quantitative re- 
tention of bacteria. The membrane is 
impermeable to air at pressures up to 
3 atmospheres or more when the pores 
are filled with water. Consequently, 
the pressure differential remains un- 
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changed when ‘ai a a wah membrane 
is in contact with air on both sides. 

In order to utilize this principle in 
bacteriological and suspended-solids 
determinations in water, however, the 
range between minimal and maximal 
volumes passing the membrane on the 
upper and lower edge has to be very 
much larger than is possible with a 
rectangular tank of any dimensions. 
Another requirement is that the shape 
of the cuneal deposit should derive 
from the mathematical function upon 
which the MPN determination is 
based—that is, an exponential function 
in which each decade of volume (0.1, 
1, 10, 100 ml, etc.) fills an equal frac- 
tion of the filter area (Fig. 2). 

This condition can be fulfilled, al- 
though it requires somewhat involved 
mathematical considerations that result 
in a tank of prismatic shape, the top 
of which follows a curved surface 
shown as a vertical cross section on a 
condensed scale in Fig. 3. This 
curved surface determines the exact 
volume available to each horizontal 
section of the membrane, following the 
exponential flow condition shown in 
Fig. 2. 

In order to reach into the concentra- 
tion ranges required in sanitary water 
bacteriology (1:10,000 or greater), 
impracticable dimensions result for 
bmax (Fig. 3), the largest distance be- 
tween the membrane and the opposite 
wall of the lower part of the container. 
For instance, for the flow function in 
Fig. 2, with a total sample capacity of 
300 ml and a = 12 in., Dmax would ap- 
proach 3 ft. 

This difficulty can successfully be 
avoided by giving the tank a horizontal 
cross section in the shape of a trape- 
zoid (Fig. 3) with 60-deg base angles. 
The container volume then increases 
with the distance of the curved surface 
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from the filter membrane and bmax 
is reduced to practical dimensions 
(b'max),as shown in Fig. 3 in analogous 
proportion. 


Description of Concentrometer 


The mathematical theory now de- 
veloped for this type of filtration per- 
mits the adaptation of the principle to 
almost any concentration range and 
sensitivity. For the particular instru- 
ment described, the specifications are 
determined by several factors. 

Bacterial concentrations, particularly 
in sanitary water tests, range from 
those tolerated in drinking-water 
standards (approximately 1 coliform 
organism per 100 ml) to 50,000 per 100 
ml for raw water to be treated by chlo- 
rination (8). The former determines 
the choice of the total water sample, 
which must be sufficiently large to de- 
cide, within the margin of statistical 
error, whether or not more than 1 or- 
ganism per 100 ml is present. A fac- 
tor of three being considered to pro- 
vide adequate reliability, the total vol- 
ume of the concentrometer has been 
standardized to 300 ml of sample. 

The minimal volume to be discerni- 
ble on the molecular filter has been 
chosen as 0.1 ml. Other mathematical 
considerations with regard to reliabil- 
ity, analogy to MPN methods, and 
economy of filter surface have resulted 
in the choice of a membrane area 3 
cm high (x7) and 4 cm wide (a). 
These data are sufficient for designing 
the dimensions of the instrument. 

A number of additional features 
necessary for foolproof, practical ma- 
nipulation may be listed in the order 
of their importance : 

1. A convenient and accurate way of 
introducing the required amount of 


sample into the tank must be provided. | 
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2. The bottom of the tank must be 
such that no water residue is left by 
adhesion due to imperfect wetting, as 
the water surface must remain a per- 
fect plane at any time during and at 
the termination of filtration. 

3. The molecular filter membrane 
must be held during filtration in a posi- 
tion in which the x scale is reliably 
correlated with respect to the curva- 
ture of the container. 

4. All surfaces which come in con- 
tact with sample water must be 
sterilizable. 

These conditions are relatively sim- 
ple to meet by the construction shown 
in Fig. 4. The vertical cross section 
through the axis of symmetry shows 
the container, T, to be a prismatic, 
sealed unit with plane sides and a 
curved top surface. The top view 
(above) shows the trapezoidal shape. 
Permanently attached to T is a face 
plate with a_ rectangular aperture 
through which the interior of 7 is 
accessible. 

The bottom of T is supported by a 
star-shaped brace construction, B, to 
prevent warping. Attached to T are 
the bubble levels, N, and N,. The 
whole assembly is supported by a 
massive tripod, S, with two leveling 
screws, so that T can easily be lifted 
from S if the interior is to be cleaned. 

Hinged to the face plate of T is the 
filter holder assembly, F (Fig. 4, upper 
right). The upper half of F serves as 
support for the filter, providing a shal- 
low recess for its frame; a rectangular, 
porous carbon plate, P, backs the mem- 
brane proper. The lower part of F 
contains a two-way cock, C, which 
either connects the vacuum space be- 
hind P with the outlet O,, or else con- 
nects a slitlike drain, D, corresponding 
to the bottom of T, with the outlet O,. 
A thin, permanently attached gasket 
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provides a seal between the faces of 
F and T when they are pressed to- 
gether by a simple locking device. 

The face plates of F and T are 
shaped so that the upper left corner of 
the filter frame is accessible, to render 

F 
can be separated from T by removal of 
pin G. 

This design was given preference 
over numerous alternative construc- 
tions because of simplicity of operation. 
In operation, hose nipples, O, and O,, 
are connected (Fig. 4) to a sample 
container (or funnel) and a_ flask 
(500-1,000 ml), respectively, the latter 
being connected to a hand- or motor- 
driven vacuum pump or aspirator. 

After leveling the tank, the filter is 
inserted into F; the latter is then 
locked to T; and the cock, C, is put 
into horizontal position. The sample 
container is lifted so that its contents 
flow through D into T, filling the lat- 
ter, while the displaced air escapes 
through a slit formed by the upper 
edge of the curved surface. The 
water, when it has reached the upper 
level, U, spills over this edge. The 
spilled quantity remains above the 
curved surface and is drained through 
the rear ridge. Upon the first spilling, 
C is turned into vertical position, 
which starts filtration instantaneously. 
The sample container is then lowered 
into a suitable support, so that the re- 
maining water level in it is below the 
bottom of the tank. 

Filtration is completed in 3-5 min, 
either when the water has reached the 
lower level, L, or, if premature clog- 
ging occurs, when there is no further 
outflow into the flask. The time re- 
quired is almost the same whether or 
not clogging occurs. Then C is turned 
into the first position and 7 drains 
hack into the sample container. F is 
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then unlocked, and the filter frame re- 
moved and transferred to a nutrient 
pad. The instrument is now ready for 
a new sample, unless prior steriliza- 
tion is required. For serial tests on 
similar water samples, _ sterilization 
will usually be unnecessary. 

Sterilization of equipment will chiefly 
concern the tank cavity, 7, and only 
occasionally also the interior of F. 
For the sterilization of the tank cavity, 
the method developed previously (4) 
for the standard molecular filter equip- 
ment has been adapted to the concen- 
trometer. A metal plate, K (Fig. 4, 
right), of a size and shape to fit into 
the membrane filter recess and to hook 
over the top of S, carries an asbestos 
wick, W, on a small horizontal plat- 
form. After K is hung over F, 1-2 ml 
methanol (CH,OH) is dropped on 
W; the latter is lit and F is shut 
against T. The rapidly reducing oxy- 
gen content in the T cavity causes the 
flame almost immediately to develop 
for a few seconds a substantial quan- 
tity of formaldehyde (HCOH) before 
it goes out. The formaldehyde pro- 
duced is sufficient for rapid disinfec- 
tion of the whole interior, including 
the porous backing, P, which the shape 
of K leaves fully exposed. 

The sterilization of F as a whole 
can be performed in an autoclave after 
separation from 7 by the removal 
of G. 

Filling of the tank from below as- 
sures (owing to overflow) accurate 
volume, avoids interfering factors such 
as air bubbles, and does not require a 
volume determination by the operator. 
To obtain proper scale correlation, the 
membrane is supplied mounted in a 
frame of stiff paper the inner dimen- 
sions of which exactly equal those of 
the filter. The frame carries an im- 
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print of one (or several) scales (as in 
Fig. 2, right) or even a red warning 
mark indicating the drinking-water 
standard. The one factor left to the 
skill of the operator is the fairly ac- 
curate leveling of the instrument. Any 
substantial deviation of the water level 
from the instrument horizontal (U—U 
in Fig. 4) alters the relationship be- 
tween scale and flow. 

The actual dimensions of an instru- 
ment meeting the conditions described 
are approximately as shown in Table 1. 


TABLE 1 


Concentrometer Dimensions 


en 
Dimension 
7 in. 

4-11 in. 
11 in. 

700 ml 
300 ml 

24 X 2 in. 
3X 4cm 


Item 
¢ 


Overall height 
Width 

Length 

Total water capacity 
Total sample capacity 
MF frame 
MF area 


The tank assembly, 7, is at present 
made from translucent plastic, which 
can, with relatively little difficulty, be 


molded into the required shape. The 
filter holder, /, is made from corro- 
sion-proof metal. 


Flow and Deposit Characteristics 


One unusual, though probably ob- 
vious, quality of the concentrometer is 
contrary to standard filtration pro- 
cedure, even for a completely particle- 
free (nonclogging) sample: the flow 
rate declines rapidly because the mem- 
brane area available for filtration de- 
creases steadily with the lowering of 
the water level in the container. In 
the presence of suspended matter, this 
decline is more rapid, but the flow 
rate never alters in any way the distri- 
bution of particles retained on the fil- 
ter because the volume available for 
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passing a given horizontal section of 
the membrane is determined only by 
the horizontal cavity area at this point 
and not by the flow. If the filter be- 
gins to clog gradually, the entire area 
below the water level has, at any in- 
stant, retained an equal amount and 
suffered the same reduction of flow, 
and the water level in the container is 
lowered more slowly in proportion. 
From this it follows that the cuneal de- 
posit of bacteria on the filter is not in- 
fluenced by retained neutral suspended 
matter, even if the latter finally clogs 
the filter before the entire sample has 
passed through. In this situation, the 
unused portion of the sample is 
drained through the cock, C, without 
interfering with the deposit prior to 
clogging—in contrast to the present 
method of the “fixed” sample, in which 
the excess water above the clogged 
membrane has to be poured out, 
thereby disturbing the bacterial de- 
posit on it. If, for instance, the filter 
clogs after 100 ml has passed through, 
the residual 200 ml is drained. The 
scale remains valid up to 100 ml, per- 
mitting a count as low as 1 organism 
per 100 ml. 

When a low bacterial count coin- 
cides with a high degree of suspended 
matter, the question arises whether the 
absence of colonies is misleading be- 
cause clogging occurred before a suf- 
ficient sample volume passed the filter 
or because the suspended matter re- 
tained on it interfered in some way 
with the typical growth habits (im- 
bedding, for example) of the bacteria. 

The concentrometer allows for a 
fairly accurate estimate of the “limit 
of detection” of organisms for most 
concentrations and types of suspended 
matter. As previously noted, each 
horizontal membrane “strip” filters a 
different fraction of the sample volume. 
Clogging will occur, if at all, at and 
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below that strip where the amount of 
matter retained seals the pores com- 
pletely. This strip is, in general, 
easily visible and can be located within 
a width of approximately 1 mm. 
Above the strip the membrane is per- 
meable because less water has passed 
through it. Below is an area through 
each unit of which the same amount 
has passed as through the clogged 
strip. 

Obviously, the “limit of detection” 
concerns the sample volume which has 
passed above the clogged strip. If the 
latter lies, say, between 30 and 100 ml 
on the scale and no colony develops, 
the interpretation must be that the 
bacterial count is less than 3 per 100 
ml. In other words, reliable informa- 
tion would be limited to a maximal 
sample volume of approximately 30 
ml. This interpretation is not entirely 
accurate, as a larger total quantity of 
the sample may have passed the 
clogged area and the bacteria deposited 
may grow in spite of the clogged con- 
dition. (Discussion of this possibility 
is omitted as being of little practical 
value. ) 

The main advantage of the concen- 
trometer over the customary method 
of the “fixed” sample is that some 
fraction of the filter area will remain 
unclogged and thus capable of support- 
ing normal growth. 


Interpretation of Results 


Although the interpretation of the 
counts on the concentrometer mem- 
brane may be evident from the preced- 
ing analysis, it appears useful to dis- 
cuss a specific illustration in detail. 
Assuming that a water sample con- 
tains an average coliform concentra- 
tion of 60 organisms per 100 ml, 300 
ml of this sample will pass through 
the concentrometer and will produce 
on the membrane, after nutrition and 
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incubation on a differentiating nutrient 
schedule (/, 6, 7), the pattern (con- 
structed from calculation) shown in 
Fig. 5. 

In the absence of major statistical 
fluctuations, sugh as “skips,” there 
should be two colonies above the 3-ml 
mark on the filter frame scale. It 
should be understood that the posi- 
tion of the colonies in this section of 
the filter membrane is entirely acci- 
dental and that, owing to statistical 
fluctuations, more or fewer such colo- 
nies may appear. In fact, the occur- 
rence of colonies above a particular 
mark on the scale is controlled by the 


0.1 
0.3 
1.0 
3.0 
10 


Fig. 5. Distribution of Bacterial Colonies 
The drawing shows the theoretical dis- 
tribution of bacterial colonies (60 organ- 
isms per 100 ml) on the concentrometer. 


same statistical laws as the occurrence 
of gas in a normal lactose broth test, 
the sample portion being equivalent 
to the quantity of sample indicated on 
the x scale. 

If the line is lowered to the 10-ml 
division, six colonies should appear 
above it; above the 30-ml division, 20 
colonies; and so on. The most con- 
venient procedure is to find a dividing 
line above which lies a reliably count- 
able number of colonies, such as 10-30, 
and to read the corresponding scale 
divisions (in Fig. 5, 30 ml with 20 
colonies). The count, if smaller 


(larger) than 15, can then be com- 
pared with one taken at the next lower 
(higher) division—for instance, 6 at 
10 ml—if it is desirable to check the 
result for reliability. 

Interpretation is particularly simple 
for treated water supplies. The sam- 
ple passes the sanitary water require- 
ment for drinking water when only 
one coliform colony appears above the 
100-ml mark and not more than three 
colonies in the entire filter field. 

The upper reliable limit of the in- 
strument depends on the following 
considerations. If it is assumed con- 
servatively that the limit of countabil- 
ity of coliform colonies is 32 per 
square centimeter (although much 
higher colony densities have been ob 
tained under favorable conditions), 
above the 0.1 ml mark 25-26 colonies 
are reliably discernible, for which 80 
sq mm of filter area (2 mm X 40 mm) 
are available. This figure establishes 
as the upper reliable limit a concen- 
tration of at least 25,000 organisms 
per 100 ml. The instrument thus has 
a range of 1 to 75,000 organisms per 
300 ml. 

Using a fixed sample volume and 
assuming a maximal reliable density 
of approximately 32 colonies per 
square centimeter, one standard filter 
(47-mm diameter, 9.6-sqcm effective 
filtering area) can produce not more 
than 300 organisms with characteristic 
growth habits. The filtration of a 
300-ml sample will thus yield accurate 
information on 1-300 organisms per 
300 ml. If the next step is 100 ml 
of a 1:100 dilution of the sample, the 
second filter will cover from 3 X 10° 
to 9 x 10* organisms per 300 ml. In 
actual practice, sufficiently overlapping 
counts are necessary, requiring at least 
3 filters (60-sqcem total area) for a 
300-ml undiluted sample, a 10-ml un- 
diluted sample, and a 30-ml 1: 100 di- 


i 
i) 
| | 
| 
— 300 


942 ALEXANDER GOETZ 


luted sample, covering 100-ml count 
ranges of 0.3-100, 10-3,000, and 300- 
90,000 organisms, respectively. The 
advantages of the concentrometer are 
obviously an economy of filter material 
and less need for manipulation (no 
dilution and metering operation) ; 
moreover, counting more than 20-40 
colonies is not required. 

In comparing the concentrometer 
with the MPN determination result- 
ing from a division of the sample into 
a number of individual portions, at- 


tention must be given to both range 
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With regard to the reliability of 
information, the 300-ml sample is di- 
vided into eight different portions at 
approximately equal logarithmic in- 
tervals—namely, 300, 100, 30, 10, 3, 
1, 0.3, and 0.1. In other words, if one 
or more colonies lie above, say, the 
10-ml mark, this is equivalent to gas 
in one 10-ml portion. If, however, 


one or more of these colonies lie above 
the 3-ml mark, this would correspond 
to gas in one to three 3-ml portions 
or one to ten 1l-ml portions and so 
in each horizontal section, 


forth. As, 


Typical aia Results 


Total Count 


Coliform Count (Sheen) 


(i—) 

(1-2) 

(5) 

(17) 

(50) | T! 

(167) 

(50) 
80+ (150) 


280+ (500) 
TMTC* (1,500) 


* Too many to count. 


and reliability of information. The 
MPN determination over approxi- 
mately the same range and involving 
approximately the same sample vol- 
ume (314 ml) as the concentrometer 
of the above dimensions requires (9) 
a division of the sample about as fol- 
lows: two 100-ml, two 50-ml, and one 
10-ml portion to cover the range 0.3- 
5 organisms per 100 ml; three 1-ml 
and three 0.1-ml portions to enlarge 
the range to 460-1,100 organisms per 
100 ml; and three 0.01-ml and three 
0.001-ml portions to enlarge the range 
to that of the concentrometer. 


10 (6) | 


brane. ) 


| | II 

| 0), 0 © | 0 @) 

| ©) 1(-) 
0 (0) 

(167) | 0 (1-2) 

(1,670) 4 (7) 

(5,000) | 10 (20) | > 

(60) 39 


20-50 colonies can be cultured, the 
reliability of the count above a particu- 
lar volume division on the membrane 
filter scale is comparable to the MPN 
derived from a subdivision of the sam- 
ple volume, /’, into approximately 20 
portions, each representing 0.05). 
(The number 20 is, however, some- 
what arbitrary, because many factors 
aside from colony density on the mo- 
lecular filter membrane influence the 
magnitude of the statistical fluctua- 
tion, which determines the relative 
position of each colony on the mem- 
The reliability of the con- 
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centrometer is thus much greater than 
is needed for most practical problems 
in the field of water sanitation. Hence, 
the use of only two or three parallel 
sample portions (instead of 20) will 
be sufficiently accurate and may be 
used as a basis for a comparison of 
the glassware and labor requirements 
by the concentrometer and MPN 
determinations. 

For the MPN test, the water has to 
be divided into 20 portions involving 
three serial dilution steps. These re- 
quire at least 43 sterile glass tubes and 


Fig. 6. 


CONCENTROMETER METHOD 


943 


tomary techniques and will require de- 
tailed evaluation for many specific uses. 
Actual performance may be demon- 
strated by the typical data in Table 2 
and the photographs shown in Fig. 6. 
Concentrometric filtration per- 
formed on a water sample bearing 
Serratia marcescens and Esch. coli 
(25:1). The sample was diluted in 
three steps, so that Sample I carried 
one-tenth the concentration of Sample 
II and one-hundredth that of Sample 
III. A concentrometer test was run 
on each of these samples. The mo- 


Typical Laboratory Results 


The numerals I, II, and III below the concentrometer membranes correspond to a 
1:10:100 serial dilution of a water sample containing Serratia marcescens and Esch. 


coli in a ratio of approximately 25:1. 


The membranes were incubated for 16 hr 


37°C. 


flasks, four pipets, one graduate, and 
approximately 350 ml of lactose broth, 
excluding the water sample bottle. 
The concentrometer requires no sterile 
glassware and if, instead of dehydrated 


nutrient schedules, laboratory-pre- 
pared nutrient media are to be used 
for each test, not more than 5 ml is 
necessary. 


Typical Laboratory Results 


The concentrometric method of bac- 
teriological analysis of water repre- 
sents a radical departure from cus- 


lecular filter membranes were subse- 
quently incubated (4) for 16 hr on a 
dehydrated Endo nutrient schedule 
(Isopor). Counts of sheen- and non- 
sheen-bearing colouies were taken. 
Table 2 gives both counts for each 
scale division. Shown in parentheses 
is the number to be expected, pro- 
vided the average is correct and the 
dilution ratio was exactly as planned. 

The data indicate good agreement 
between the actual and _ expected 
counts, within the margin of statistical 
uncertainty, up to 50-80. Beyond this 
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Emergency Meter Specifications Rescinded 


As a result of improved materials supply, particularly in nonferrous metals, 
and the relaxation of official controls, the “Emergency Alternate Provisions” to 
meter specifications AWWA C700, C701, C702, C703, and C704 have been re- 
scinded, effective Aug. 17, 1953. The change will have little practical effect 
upon meter manufacture, as for some time now the producers generally have not 
found it necessary to make the substitutions authorized by the emergency alter- 


nate provisions. 
Users of the meter standards may bring their copies of the specifications up 
to date simply by removing the blue covers, on which the emergency provisions 


were printed. 


“a 


whee: 


New Medium for Bacteriological Analysis With 
Molecular Filter Membranes 


| «By George S. Yee, Wilfred B. Krabek, and Charles P. Schaufus 


e A contribution to the Journal by George S. Yee, Wilfred B. Krabek, 


and Charles P. Schaufus, all of Lovell Chemical Co., 


Mass. 


HE development of the molecular 

filter membrane has made possible 
a new and more rapid method of isola- 
tion and identification of bacterial or- 
ganisms. Bacteria are filtered from a 
hydrosol and cultured on the surface 
of the filter by means of a liquid nutri- 
ent. In this way, larger samples can 
be tested, thus assuring more accurate 
determinations. Results can be ob- 
tained in a much shorter time. This 
paper is concerned with a new medium 
that can be used in the bacteriological 
examination of water for coliform 
organisms. 

This study employed the American- 
made membrane filter * resulting from 
the investigations of Alexander Goetz 
(1, 2) of the California Institute of 
Technology, Pasadena, Calif. For the 
analysis of water, hydrosol assay disks 
with an imprinted grid marking were 
used. 


Reported Methods 


The Environmental Health Center 
of the U.S. Public Health Service for 
several years has been investigating 
the application of the membrane filter 
to the bacteriological examination of 
water. Clark and others (3) report a 


* Manufactured by Lovel! Chemical Co., 
Watertown, Mass., under the registered 
trade name, “Millipore Filter MF.” 


W atertown, 


modification of Endo’s medium for use 
in a quantitative estimation of the coli- 
form organisms in water. They state 
that the test procedure should enu- 
merate all coliform organisms present 
in the sample, be specific for members 
of the coliform group, and be simple 
and rapid. 

Goetz and Tsuneishi (1) report the 
use of a Gassner type of medium con 
taining a yellow dye (Fast Mordant 
Yellow) that partially inhibits cocci 
and spore formers but does not affect 
the development of Salmonella and 
coliform organisms. This method re- 
quired special treatment of the filters 
and was therefore abandoned. Clark 
and Kabler (4) report a method for 
the isolation of the coliform group 
using a modification of the Endo’s me- 
dium in a two-stage procedure. The 
first stage calls for an enrichment pe- 
riod allowing all the bacteria to grow, 
and the second stage uses a medium 
containing the inhibitory dye, basic 
fuchsin. This medium depends on the 
production of a metallic sheen by or- 
ganisms fermenting lactose contained 
in the broth. Later reports indicate 
that coliform organisms were inhibited 
by the presence of a large number of 
noncoliform bacteria, especially in a 
sample containing relatively few coli- 
form organisms. Thus, a modification 
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of the methods described by Clark and 
Kabler (4) which would inhibit the 
noncoliform bacteria without affecting 
the coliform bacteria was necessary. 

Methods using different concentra- 
tions of basic fuchsin dye with varying 
concentrations of basal mediums were 
tried unsuccessfully and were therefore 
abandoned. The use of chemicals that 
would inhibit the noncoliform bacteria 
without impairing the growth of coli- 
form bacteria was adopted as an ap- 
proach to the problem. The most suc- 
cessful of the materials tried was 8- 
hydroxyquinoline, which was incorpo- 
rated in the medium. This chemical, 
more commonly known as oxine, is a 
mildly cationic agent that, according to 
unpublished data, exerts a more ef- 
fective inhibition on Gram-positive 
than on Gram-negative organisms. 

A study was initiated to compare 
the effects of an Endo medium with 
and without oxine and to compare the 
present standard method for the deter- 
mination of coliform bacteria (5) with 
the membrane filter method. 

The methods for the membrane fil- 
ter procedure are based on those of 
Clark and others (3) with the excep- 
tion of two changes. In using Neo- 
peptone * in the basal medium, a pre- 
cipitate was formed. Albimi M pep- 
tone + at the same concentration as the 
Neopeptone eliminated the precipitate 
and was therefore adopted. Second, 
plastic petri dishes developed by the 
authors’ firm were used in incubation 
in place of 60-mm glass petri dishes. 
The condition of humidification, which 
is an important factor in the mem- 
brane filter method, was felt to be 
more uniform within the plastic dish, 
moisture vapor being supplied by the 


* A product of Difco Labs., Inc., Detroit. 
+A product of Albimi Labs., Inc., New 
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liquid medium itself rather than being 
controlled either by incubation in a 
water bath or by humidifying the in- 
cubator. 


Preparation of Media 


The media were in broth form and 
all reagents used were chemically pure 
or reagent grade. The formulations 
were: 


Enrichment Medium 


Peptone M (Albimi) 
Yeast autolysate (Albimi) .. 
Sodium chloride 


Distilled water 
Adjust to pH 7.0 with KOH solution. 
Sterilize at 121°C for 15 min. 


Basal Medium 


Peptone M 

Lactose 

Distilled water 

Adjust to pH 7.5 with KOH solution. 
Sterilize at 121°C for 15 min. 


Oxine (8-hydroxyquinoline ) 

A 1:10 dilution of a standard aqueous 
stock solution containing approximately 
1 g of oxine in 1,000 ml of distilled water. 
This stock solution may be stored in- 
definitely. 


Dye Solutions 


a. 9 per cent sodium sulfite solution 
(aqueous ) 
b. 3 per cent basic fuchsin 


The basic fuchsin is dissolved in one 
part of 95 per cent alcohol, thoroughly 
mixed, and then diluted with an equal 
part of distilled water. 

Dye solutions should be prepared each 
day. 


Standardization of Fuchsin Dye 


The standardization of a lot of fuchsin 
dye is a critical procedure and should be 


done carefully. Essentially, the pro- 
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cedure consists of incubating coliform 
organisms on a medium containing vary- 
ing amounts of fuchsin with a fixed 
amount of sodium sulfite. The ratio of 
fuchsin to sulfite permitting the recovery 
of the largest number of coliform organ- 
isms is chosen as long as that dye lot is 
available. The fuchsin concentration 
should be sufficient to develop proper 
sheen but should not interfere with the 


Fig. 1. Membrane Filter Holder 


A pyrex glass filter holder was used in 
this study on the membrane filter. 


growth of the coliform bacteria. It is 
suggested that, instead of using a known 
culture in the titration, either diluted 
sewage or raw water be employed. 


The medium developed at the au- 
thors’ laboratory, designated “LCC 
broth,” is prepared in the following 
manner: To each 30 ml of the basal 
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medium 8 ml of oxine solution is 
added. To this solution is added an 
amount of the fuchsin-sulfite solution 
(on the order of 1-2 ml) as deter- 
mined by the fuchsin standardization. 


Technique Employed 


The technique used in this compari- 
son consists of the filtration of a known 
amount of water sample through a 
membrane filter retained in a pyrex 
glass filter unit (Fig. 1). After filtra- 
tion has been completed, the mem- 
branes are transferred to plastic petri 
dishes containing absorbent pads satu- 
rated with 1.7 ml of enrichment broth. 
These are then placed in an incubator 
at 37°C, in an inverted position, for a 
period of 2-3 hr. After the enrich- 
ment period the membranes are trans- 
ferred to plastic petri dishes contain- 
ing absorbent pads saturated with 1.7 
ml of the LCC medium. These dishes 
are then replaced in the incubator in 
an inverted position, allowing ade- 
quate spacing for the free circulation 
of air between them, and are incubated 
for a period of 14-20 hr at 37°C. 
After removal from the incubator, the 
filters are placed on an absorbent 
paper and allowed to dry. Colonies 
showing a metallic sheen are con- 
sidered coliform organisms (6). 

The practical procedure to 
select for comparison with the mem- 
brane filter technique is the ‘Most 
Probable Number” determination of 
coliform organisms in water, described 
in Standard Methods (5). This 
method consists essentially of plant- 
ing varying amounts of the water to 
be tested in lactose broth and observ- 
ing the formation of gas (presumptive 
test). The presence of the coliform 
group in the tubes producing gas is 
confirmed by subculturing in BGB 
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lactose broth or in solid differential 
media (EMB agar or Endo agar), 
with subsequent identification of the 
coliform organisms. 


TABLE 1 


te Comparison of MPN and Membrane 


Filter Results 


Total 


Test 
No. Count 


| MPN* | LCcc* 


Reservoirs 


2,400 
84 
458 


1,663 


Finished Water 


0.18 
0 
0 
0 
0 


Rivers 


9,890 
13.9 

826 

887 


* Per 100 ml. 


Ten MPN analyses were prepared 
for each water source, five tubes being 
used for each dilution and three or 
more dilutions run for each sample. 
The positive tubes were confirmed on 
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EMB agar after 24 and 48 hr. Vari- 
ous sources of water were tested, in- 
cluding : surface waters, such as ponds 
and reservoirs; wells, both deep and 
shallow; finished waters for normal 
consumption; and rivers, especially 
those used as a source of public 
supplies. 


Results 


The results of these analyses were 
compared with ten membrane filter 
determinations made as described ear- 
lier in this paper. The data are pre- 
sented in Table 1, in terms of counts 
per 100 ml of water sample. The 
sample volumes used in the membrane 
filter method varied from 1 to 500 ml, 
while those used in the MPN method 
remained constant at 56 ml for each 
MPN determination. Total counts 
are included in the table to give an in- 
dication of the bacterial density of the 
water samples tested. These counts 
were obtained by culturing the bac- 
teria collected on the surface of the 
membrane filter, employing an 18-hr 
incubation period on the enrichment 
medium alone. 

Samples were chosen from water 
sources that are routinely tested for 
pollution. Thus, samples of finished 
or deep well waters containing no 
coliform organisms would show little 
or no index of pollution. In several 
samples tested, coliform organisms 
were detected with the membrane fil- 
ter using the LCC medium although 
not with the MPN _ determination. 
This discrepancy may be due, in part 
at least, to the use of larger volumes 
of water with the membrane filter. 


Background Organisms 


When large amounts of water are 
added to broth, the possibility of an- 


- 
| 
a 1 | 9,370 89 84 
2 1 220) 29 29 
lad 66 71 
4 3.5 13.4 
ng 1.05 2.0 
Wells 
| 
a ps 443 | 0.2 | 1.3 
3 121 0 | 0.05 
> 882 0 12.4 
1 0.28 
wag 251 | 0.54 
75 0.06 
ti 1,286 4.7 
"4 5 13 0 
112,30 9,810 
15,00 44 
3 11,00 721 
4 7,40 | 1,770 
0 | | 4 


949 


MEMBRANE FILTER MEDIUM 


Sept. 1953 


tagonistic action of organisms must 
be considered (7). In the membrane 
filter method, this possibility is greatly 
decreased, owing to the minimal lateral 
diffusion across the surface of the 
membrane. The effect appears, if at 
all, only when the number of colonies 
on the filter is extremely large. 

It will be observed that the coliform 
densities indicated by the membrane 
filter method using the LCC modifica- 
tion of the Endo medium compares 


Fig. 2. E:fect of Oxine 


The low background count shows the 
effect of oxine in the medium. 


favorably with the MPN results. The 
LCC medium gave generally higher 
counts in all the types of water sam- 
pled than the MPN procedure did. 

Of the colonies transferred to lac- 
tose broth gas tubes, approximately 
81 per cent of the sheen colonies and 
22 per cent of the nonsheen colonies 
produced gas. These results were ob- 
tained from colonies observed for 
sheen in the wet state. When colonies 
are allowed to dry out, sheen some- 


times appears on some of the colonies 
not previously showing it in the hy- 
drated stage. When this effect is con- 
sidered, the number of false negatives 
decreases and thus the positive gas 
confirmation will increase. 

When a large number of bacteria is 
present on the filter membrane, either 
because of the high bacterial density or 
because of the use of large volumes of 
water, a heavy “background” of non- 
coliform colonies frequently occurs. 


Fig. 3. Absence of Oxine 


The sample used was of the same size 
and from the same water source as in 
Fig. 2. 


When excessive, this background ap- 
parently interferes with the proper 
formation of the metallic sheen charac- 
terizing the coliform organisms. Media 
were prepared both with and without 
oxine. As indicated in Fig. 2 and 3 
and in Table 2, there appears to be a 
definite tendency toward inhibition of 
the noncoliform background by the 
oxine formulation, resulting in a 
smaller background count of bacteria. 


‘ 
. 
> 
; 
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The filters in Fig. 2 and 3 were used 
in testing equal samples taken from the 
same water source. Both show the 
same coliform count. The background 
is greatly decreased in the presence of 
oxine (Fig. 2, count 48) as compared 


TABLE 2 
Comparison of Background Counts on Differential Coliform Media 
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nies developed on the filter and sub- 
tracting the number of coliform colo- 
nies, the result being the background 
count of the noncoliform bacteria on 
the filter. The table indicates that a 
decrease of approximately 25-50 per 


With and Without Oxine 


Water Source* Without Oxine 


Decrease 
per cent 


Reservoirs 
; 250 
69 
212 
159 


NO Ws 


w 
=> 


* Sources are the same as those in Table 1. 


with the background in the absence of 
oxine (Fig. 3, count 418). 

Table 2 provides a comparison of 
the background counts using the two 
media. The figures in columns 2 
(without oxine) and 3 (with oxine) 
were obtained by counting all the colo- 


cent in the noncoliform colonies occurs 
when oxine is added to the medium. 


From this preliminary report the fol- 
lowing conclusions may be drawn: | 


Conclusions 


a 3 
248 0.99 
111 0.70 
7 
Wells 
4 58 48 0.83 
18 8 0.48 
247 191 | 0.76 
ean 2 13 3 | 0.23 
23 6 0.25 
6 3 0.50 
Aug 
Rivers 
3 132 74 0.56 
4 Avg | 
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1. Application of the molecular filter debted to Joseph A. McCarthy of the 
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A Safety Program for the Water Works ine 


Task Group Report 


A task group report presented on May 12, 1953, at the Annual Confer- 
ence, Grand Rapids, Mich., by Raymond J. Faust, Chairman, Task 
Group A2.E—Safety Practices; Jerome Powers, Chairman A2.E1— 
Supply; Oscar Gullans, Chairman, A2.E2—Treatment and Pumping ; 
Kenneth A. Day, Chairman, A2.E3—Distribution; and Rodney A. Ed- 
wards, Chairman, 


N May 1950 the AWWA Board of 

Directors authorized a special task 
group to study safety practices in the 
water works industry and in allied util- 
ity fields. In its 1951 report (7), the 
task group pointed out that: 

1. With some notable exceptions, the 
water works industry is not safety 
conscious. 

2. The frequency rate of lost-time in- 
juries (number of injuries per 1,000,000 
man-hours) in water utilities in 1949 
was 33, which compared unfavorably 
with that of other utilities: gas, 17; 
electric, 14; and communications, 2. 

3. The accident severity rate (days 
lost per 1,000 man-hours) for the 
water works industry in 1949 was ap- 
proximately equal to the national aver- 
age for all industries. 

Upon the recommendation of Wen- 
dell R. LaDue, Chairman, Committee 
on Water Works Administration, the 
Board of Directors, at its January 1952 
meeting, decided to continue the study 
of safety practices for the water indus- 
try in more detail. Accordingly, it au- 
thorized four task groups to study 
safety as it applies to: [1] supply; [2] 
treatment and pumping; [3] distribu- 


Introduction 


tion; and [4] administration. Before 
presenting reports on these subjects, 
the task group wishes to review the 
general problem of selling safety to the 
water industry. 

To sell safety, one must first know 
what it is. Safety has been defined as 
“a happy condition of man and [indus- 
trial] plant, created through personal 
effort directed toward the goal of con- 
serving manpower through the elimina- 
tion of man-made mistakes, commonly 
but erroneously referred to as acci- 
dents.” That definition is simple and 
quite understandable. Surely its ob- 
jectives are worth striving for. 

As in any selling campaign, it is ad- 
visable to prove that safety programs 
pay handsome dividends. Fortunately, 
the evidence on that score is plentiful. 
Citing a few typical examples should 
prove helpful. Ramsey and Roose (2) 
state: 

A check of the records recently showed 
that the cost of carelessness to the Kan- 
sas City Water Dept. for the period 
March-September 1952 was $4,360, com- 
pared to $16,473 for the same period in 
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1951. These costs included wages paid 
to injured employees while they were not 
working because of their injuries, doctor 
and hospital bills, and settlement of claims 
for injuries and damage to property. In 
6 months, $12,113 was saved on these 
items, all of which are directly affected by 
a safety program. In addition, employee 
morale and efficiency have increased tre- 
mendously. There is no adequate yard- 
stick for measuring the monetary value of 
these assets, but it undoubtedly amounts 
to thousands of dollars a year. 


At Akron, Ohio, it is reported (3) 
that: “The city has achieved a substan- 
tial reduction in workmen’s compensa- 
tion premiums. In 1937 the city paid 
a premium of roughly $49,000, or a rate 
of $2.28 per hundred dollars of payroll. 
As of 1949 the rate is $0.53 per hun- 
dred dollars of payroll, a reduction of 
per cent.” Parenthetically, it 
must be remembered that medical and 
compensation expenses constitute only 
one-fifth of the total cost of accidents— 
the indirect are four times as 
great. 

In 1949, Oakland, Calif., “made 
$1.00 for every 5 cents spent on em- 
ployee accident prevention during the 
last year” (3), a 2,000 per cent return 
on its expenditure. Detroit had no 
general safety program from July 1, 
1941, to June 30, 1944. “During that 
time compensation and medical costs 
increased 15.59 per cent. . . . During 
that same period the Department of 
Water Supply for Detroit started a 
safety program. The department’s 
compensation and medical costs de- 
creased 23.4 per cent during the time 
that the unprogrammed city was in- 
creasing 15.59 per cent” (3). 

Such evidence should convince any 
city council or works super- 
intendent of the financial benefits ob- 
tainable from an active safety program. 


costs 


water 
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In an effort to sell safety, it will be 
wise to call attention to the relatively 
small capital investment required to 
start a safety program. For the great 
majority of water utilities, only two 
ingredients, neither involving much 
money, are needed to launch a safety 
program: [1] an enthusiastic manager 
or superintendent who is sold on safety, 
and [2] a record of accidents, to assist 
the manager in learning why they hap- 
pen and how to avoid their repetition. 
As the first item, the superintendent's 
enthusiasm for safety, cannot be re- 
duced to dollars and cents, it must be 
recorded as a “‘no cost” item. The sec- 
ond, record keeping and interpretation, 
is also low in cost. Record sheets are 
about the only item needed, and they 
may be purchased from the National 
Safety Council, 425 North Michigan 
Avenue, Chicago 11, IIl., at a cost of 
only $1.05 for a pad of 50. For most 
plants that investment in record sheets 
should last for 10 years or more, mak- 
ing the cost 10 cents per year. 

The capital cost of installing a safety 
program is obviously small. Rela- 
tively, that statement is also true for 
the largest utilities, as evidenced by the 
quick monetary returns at Kansas City, 
where a full-time safety director was 
employed. Consequently, the initial 
capital investment cannot be consid- 
ered a deciding factor in determining 
whether to establish a safety program. 


Conclusion 


The water industry needs a safety 
program. Safety saves money, and it 
costs practically nothing to launch a 
safety program. 

It is fair to conclude that safety helps 
the workers, the industry, and the prof- 
its—everybody wins! The key to win- 
ning these benefits is a superintendent 


7 
6 


who is sail sold on oles. The rest 
follows naturally. 
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Safety 
from 10,000 to 500,000 was returned by 
175 water plants, 39 of which reported 
lost-time accidents in 1951 and 1952 in- 
volving source of supply. Of these 39, 
11 had no accidents in 1951. Out of 
202 accidents reported for that year, 
177 resulted in lost time. During 1952 
there were 222 lost-time accidents in a 

TABLE 2 

Types of Injury 


No. of Accidents 
Age 
Group 


1951 1952 


15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 


nance and construction. Operation is 
often an individual effort, while main- 
tenance and construction generally in- 
volve a group of workmen, although a 
single operator may make minor re- 
pairs and adjustments. Some hazards 
are, of course, common to all three 
types of activity. 

A task group questionnaire sent to 
277 cities with populations ranging 


No. of Cases 
Type 
1951 


Strains and sprains 

Cuts and splinters 

Skin eruptions (due to in- 
sects, ivy, etc.) 

Hernias 

Fractures 

Eye injuries 

Bruises 

Infections 

Frostbite 


ann 


total of 246. The distribution of acci- 
dents by age groups is shown in Table 
1, and the principal types of injury are 
listed in Table 2. 

These accident statistics emphasize 
the desirability of developing a safety 
program and a manual of safe practice 
to cover the source of supply, as well 
as every other, phase of water works 
operation. 


6 6 20 
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Treatment and Pumping Safety 


_ In any safety program, the analysis 
of the causes of accidents ranks high 
among essential activities. Experi- 
ence shows that such analyses bring 
to light many contributory factors that 
did not at first appear on the surface. 
Several common occurrences will illus- 
trate this point. 

1. The operator in charge of chemi- 
cal equipment in a water plant dis- 
covered that he could clean his feeders 
much more quickly by using a home- 
made affair employing a jet of com- 
pressed air to blow the material out. 
He decided that it was easier to sweep 
the resulting dust off the floor than 
to clear it out of the feeder with a 
small brush. This labor-saving device 
worked successfully for approximately 
6 months. The operator was rather 
proud of his accomplishment, but he 
had overlooked a most important fac- 
tor—safety. Of course, he knew that 
fairly large pieces of solid alum flew 
around his head when the air hose was 
used, but he felt that, as long as he 
was wearing spectacles and the dust 
was not too bad, he could stand it for 
the short time required to clean the 
machine. He learned his lesson when 
a sharp piece of alum ricocheted off 
the side panel of the machine and en- 
tered his eye at a point where his 
glasses offered no protection. Medi- 
cal treatment was unable to prevent 
permanent injury. If this man had 
received even a small amount of safety 
training, he would have known that it 
was a standing rule, for his own pro- 
tection, to wear a dust mask and safety 
goggles in this type of work. 

2. A mechanic was called on to 
make an emergency repair to chain- 
drive equipment. Because the ma- 


chine was shut off, he assumed that it 
was perfectly safe to proceed with his 
work. While he was on the job, a 
friend walked up to inquire how the 
work was progressing. Suddenly the 
machine started up, just as the me- 
chanic was removing the roller chain. 
As a result, he lost three fingers. 
This was modern equipment, equipped 
with all necessary safety devices and 
a push-button starting switch. An 
analysis revealed that the friend had 
accidentally leaned against the push- 
button switch and that the main 
switch had been left in the “on” posi- 
tion when the machine was shut off. 
The blame was therefore shared by 
the friend, who inadvertently pushed 
the starter button; the mechanic, who 
did not check to see that the machine 
had been properly shut off and the 
switches locked ; and the operator, who 
failed to shut down the machine com 
pletely. The ultimate result of the ac- 
cident analysis was the issuance of 
specific orders for the observation of 
proper safety precautions by all parties. 
When this type of machine is shut 
down or taken out of service, particu- 
larly for a repair operation, operators 
must be instructed that the switches 
are to be properly closed, locked, and 
tagged to indicate that repairs may be 
begun with safety. Mechanics must 
check these items before starting work 
on the equipment. Finally, other 
workers should be on the lookout for 
unsafe practices and call them to the 
attention of those immediately con- 
cerned. 

3. A chemical operator making his 
usual rounds thought he saw a slight 
drip from one of the pipes leading 
from a sulfuric acid storage tank. Be- 


956 
lieving the valve might not be closed 
tightly, he reached up to close it. The 
valve broke off in his hand, and sev- 
eral gallons of concentrated acid poured 
out, some of its splattering on his face, 
hands, and clothing. When asked 
why he had not put on his safety cloth- 
ing, which was in a locker at his elbow 
and included a rubber apron, a face 
shield, and rubber gloves, the operator 
replied that he thought the tank was 
empty. The lesson is that equipment 
should be checked frequently and thor- 
oughly, and that safety precautions for 
handling dangerous chemicals must al- 
ways be observed. 

4. During the cleaning of settling 
basins, it was customary to send in 
labor crews with high-pressure hoses 
to complete the job. As the basins 
were two stories high, there was an 
18-ft drop on each side of the upper 
level. The supervisor thought that 
all personnel had been thoroughly 
cautioned to stay away from the edge, 
particularly with the floors in a slip- 
pery condition, but a man_ recently 
hired had been added to the crew and 
knew nothing of the danger. Leaving 
the lighted area to explore, the man 
stepped off the upper platform in the 
darkness and fell to the concrete floor 
below, suffering numerous broken 
bones. A few words of caution could 
have prevented this accident, but the 
supervisor was also at fault in not 
ordering safety ropes placed in each 
basin at all danger points, a precaution 
that has since been adopted. When a 
potential hazard is noted immediate 
preventive action should be taken. 

Many similar instances could be 
cited. Accidents can happen at the 
most unexpected times and _ places. 
Every effort must be made to antici- 
pate them. The ability to recognize 
danger points and potential hazards 
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comes gradually, with training and ex- 
perience. Sometimes personnel are so 
accustomed to seeing the same things 
and doing the same things routinely, 
day after day, that they may reach a 
point where they cannot see the forest 
for the trees. In such circumstances, 
a one-man safety committee or a safety 
supervisor cannot adequately cover the 
ground, even in the smaller plants, but 
he can lay the foundation for good 
safety training, first by training him- 
self, then his coworkers and super- 
visors, and, ultimately, all of the em- 
ployees. 

This sounds like a complicated pro- 
cedure and, of course, cannot be ac- 
complished overnight. In due time, 
however, even the lowliest laborer or 
janitor can be educated to become 
safety conscious in everything that he 
does. 


Chicago Program = 


Perhaps this observation can be il- 
lustrated by the development of the 
safety program at the Chicago South 
Dist. Filtration Plant. In 1949 defi- 
nite action was taken to start a safety 
organization. The literature (1,2) was 
studied, and information on methods 
of setting up a safety organization was 
obtained from other installations. The 
preliminary committee held a_ long 
meeting and decided on a safety pro- 
gram that would eventually involve 
all employees working in the plant. 
This did not mean that they were all 
immediately placed on a safety com- 
mittee, but the membership, including 
supervisors, mechanics, technical engi- 
neers, and laborers, was rotated every 
three months, except for a permanent 
secretary. This type of committee 
not only serves to cover the field of 
activities, but also brings in valuable 
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department or section. As fewer than 
30 per cent of the entire group of 160 
employees could be assembled on any 
occasion, safety meetings for emplovees 
were repeated as many as four or five 
times to cover all personnel. 

In addition to the general campaign 
carried on by the supervisors for the 
gradual education of all personnel in 
safety practices, the plant safety com- 
mittee made studies of possible haz- 
ards. The early recommendations nat- 
urally dealt with the more obvious 
conditions, and rapid action was usu- 
ally taken. [Emergency litters and fire 
blankets, formerly locked in a store- 
room, were placed in strategic loca- 

Chicago South Dist. 
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With these steps, as well as the gen- 
eral recognition of a number of other 
existing hazards, it was felt that a good 
start had been made on a safety pro- 
gram, although the plant safety com- 
mittee warned that “it will be up to the 
energy and vigilance of future members 
of the committee to seek out and make 
recommendations for the many safety 
problems that | still] exist in the plant.” 
Since that time the subsequent commit- 
tees have done an excellent job in ana- 
lyzing hazardous conditions and mak- 
ing recommendations for improvements 
and the development of safe practices. 
By rotating the personnel, each man 
not only gets an opportunity to serve 


FABLE 3 
Filtration Plant Safety Records 


Total Ex- 
posure Time 


Employees 


No. of 
Injuries hr 


Time Charges Frequency Severity 


156 
156 
160 
162 


340,000 
340,000 
340,900 
340,704 


3 
3 
5 
4 


15 

39 
389 
207 


0.044 
0.110 
1.140 
0.611 


* Plant safety program started. 


tions in the plant, so that they would 
be readily available. First-aid cabi- 
nets were ordered for all parts of the 
plant that did not have them. A cabi- 
net was installed in the chlorine room 
for the storage of gas masks, safety de- 
vices, and first-aid material. A special 
building was constructed, at a proper 
distance from the plant, to store flam- 
mable materials, solvents, and the like. 
Orders were issued for the installation 
of handrails and safety ropes where 
needed. The entire sulfuric acid sys- 
tem was inspected, cleaned, and re- 
paired. Flushing lines and showers 
with quick-opening valves were in- 
stalled at acid handling points. 


on the safety committee and benefit 
from safety education but also enjoys 
the great satisfaction of helping others 
to work safely. 

Table 3 presents some data from the 
plant safety record since 1949. It will 
be noted that the record for 1949 was 
not too good and that it was still worse 
during 1950. The record for 195! and 
1952 was progressively better, how- 
ever. This confirms a previous state- 
ment that a safety program must be 
carried on continuously and vigorously, 
for any laxity can cause trouble. 

The first tendency of every safety 
committee is to correct the principal 
and most obvious hazardous conditions. 


= 


| 
1952 8.8 
1951 8.8 | 
1950 14.7 
11.7 | 
@ 


To seek out the minor hazards, which 
are often concealed or rooted in habit, 
to select the right person for the job to 
be done, and to prevent personnel from 
tinkering with unfamiliar equipment re- 
quires experience and analysis. It 
might be supposed that, after 4 years, 
the plant safety committee would have 
run out of ideas and recommendations. 
On the contrary, however, at the 1953 
meeting of the safety committee, 35 
items were brought to the attention of 
the supervisors, eight of which were 
for immediate action and the remainder 
for investigation by the maintenance 
crew in the normal course of opera- 
tions. This serves to illustrate that the 
implementation of any safety program 
must be continuous and unrelenting. 


Safe Handling of Chemicals 


One of the outstanding examples of 
what has been already accomplished is 
the development of safe practices in the 
storage and handling of chlorine. This 
chemical was recognized early as one 
of the greatest hazards in the water 
works industry (3) and a great deal of 
time and effort was spent on this prob- 
lem, with excellent results. Methods 
for the safe storage and handling of 
ammonia and caustic soda have also 
been established. Less frequently men- 
tioned are sulfuric acid and_ lime. 
Other chemicals likewise deserve 
attention. 


Ouicklime 


Quicklime has caustic properties 
similar to, but somewhat milder than, 
caustic soda and, therefore, presents a 
lesser handling hazard. In unloading 
bulk or bag material, the operators 
should wear long-sleeved, heavy cloth- 
ing, bandanas, trousers tight around 
the shoe tops, goggles, and dust masks. 
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The same type of equipment should be 
worn when loading chemical hoppers 
or bins, even though dust collectors are 
in operation. Quicklime dust, in com- 
bination with perspiration, can produce 
serious skin burns. Lime burns should 
be treated in the same manner as any 
other caustic burn, by thoroughly 
washing the affected area with soap and 
water and by neutralization with weak 
acetic acid. Personnel should be in- 
structed to take a good shower after 
handling this material. 

The operation of lime slakers also 
presents a hazard. To protect against 
spatter, goggles or face shields and 
rubber gloves should always be worn 
when inspecting lime slakers or lime 
lines in operation. The water supply 
to lime slakers should be closely 
watched, as an interruption while the 
lime continues to feed may create ex- 
plosive temperatures. Mixtures of 
dry alum and quicklime can also gen- 
erate heat and explode. 


Aluminum Sulfate 


Aluminum sulfate presents no great 
hazards in handling, but dust respira- 
tors should be worn when handling bulk 
alum or transferring the material from 
bags to bins or hoppers. Dust collec- 
tors on handling and feeding equip- 
ment are a necessity. Occasionally 
minor alum burns occur when hot 
weather causes excessive perspiration. 
Cleaning of alum feeding machines 
with compressed air should be pro- 
hibited except when proper safety 
equipment is worn. Vacuum cleaners 
serve the purpose much better. Alum 
bins or hoppers should always be 
cleaned by two men, with one acting as 
a safety man while the other descends 
into the bin or hopper. In such opera- 
tions, goggles and dust masks must be 
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worn. Rules for servicing alum feed- 
ing equipment are as rigid as for any 
other mechanical device. 


Activated Carbon 
The handling and storage of acti- 
vated carbon is generally accompanied 
by a certain amount of dust. Although 
the inhalation of carbon dust is not 
known to be injurious, dust masks 
should be worn when unloading or 
handling bags or bulk carbon. Unlike 
some other dusty materials, mixtures 
of activated carbon dust and air have 
not been found explosive in tests con- 
ducted by carbon manufacturers. 
When ignited, activated carbon burns 
without producing smoke but creates in- 
tense heat. Carbon fires are thus some- 
times difficult to detect and handle, par- 
ticularly in large storage bins or stacks. 
The best method of storage is to have 
double rows of bagged material with 
aisles between them, so that they can 
be frequently inspected and any burn- 
ing carbon can be reached without mov- 
ing a great deal of material. Carbon 
storage areas must also be kept free of 
other flammable materials. Of course, 
smoking should be prohibited in such 
areas. Chlorine compounds or oily 
rags covered with activated carbon may 
cause spontaneous combustion. 
Carbon storage bins are usually 
equipped with built-in carbon dioxide 
fire extinguishers. Open-storage car- 
bon fires are more difficult to control. 
A small fire, involving one or two bags 
of carbon, can best be handled by re- 
moving the burning material to a safe 
place, using long-handled shovels and 
steel wheelbarrows. A large stream of 
water should never be played directly 
on the burning carbon, as it tends to 
spread the fire by causing burning par- 
ticles to fly in every direction. Water 
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fog nozzles or carbon dioxide extin 
guishers are most effective in control 
ling the fire. As a considerable amount 
of oxygen is adsorbed in the pores of 
the material, however, it can continue 
to burn even in the absence of air from 
the outside. Once the surface fire is 
quenched, therefore, the carbon should 
be completely soaked with cold water 
to reduce its temperature below the_ 
Ferrous Sulfate = — = 

Although ferrous sulfate is not toxic, 
it is irritating to the skin and mucous 
tissue because of its anhydrous and acid 
nature. It is much the same as alum, 
but differs in having more fine dust, 
so that more of it can come in contact 
with perspiration and saliva. Long 
sleeves should be worn to minimize the 
exposed area of skin, and a cream 
should be applied to the hands and 
face to protect against the dehydrat- 
ing effect. Chemical goggles and 
dust mask must be worn. Excessive 
dusting of ferrous sulfate handling or 
feeding equipment should be avoided. 
Ferrous sulfate dust is hygroscopic 
and, when slightly moist, becomes an 
excellent conductor of electricity. 
Consequently, open electric motors 
should be covered with dusttight hoods 
or replaced by totally enclosed motors. 
The same type of equipment is neces- 
sary where there is carbon dust. 


Other Safety Measures 


A number of safe practices should 
be repeatedly impressed on the minds 
of workers : 

1. Open manholes and drains should 
be protected by guardrails or gratings. 

2. Rolling scaffolds with guardrails 
should be used for high work in place 
of long ladders. 
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3. If a ladder is used, it must be in 
good condition and securely anchored. 

4. Machinery should be shut down, 
and a thorough check made to see that 
switches or valves are locked in closed 
position, before work is started on the 
unit. 

5. If hoisting equipment or chain 
falls are necessary, they should be ex- 
amined to ascertain that they are in 
good working order and securely fas- 
tened and that the slings used are ade- 
quate to carry the load. 

6. Proper tools should be available 
for the job, including protective gog- 
gles or eye shields and good lighting 


for repair operations. 
ove 
Boilers 


Good safety training is especially im- 
portant around the boiler room or heat- 
ing plant. Frequent boiler inspection 
and testing of safety devices, water 
level alarms, and gages should be man- 
datory. When performing mainte- 
nance and repair operations, every pre- 
caution should be taken to make sure 
that the equipment is not under 
pressure. 


Pumps 


Pumping equipment has its propor 
tionate share of hazards and dangerous 
operations. One of the most important 
items, and one that has received exten- 
sive consideration, is the need for ade- 
quate safety guards on pump couplings. 

Whether steam or electric, pumps 
are a vital part of every water system 
and must be kept in good operating 
condition at all times. Old-style pump- 
ing equipment was built for ruggedness 
and efficiency, with little regard for 
safety features. Apparently the manu- 
facturer assumed that a man would 


know enough to keep his hands out of 
the moving machinery. The operator 
who polishes the shafts and coupling 
while the pump is rotating at high 
speed is risking the loss of a hand or 
arm, or even his life, just to get a com- 
pliment from the boss. 

It is not necessary to build a cage 
around the whole pump, but a simple 
wire screen or _ sheet-metal guard 
around the coupling and moving parts, 
bolted down so that it cannot be lifted 
off, will generally serve to keep hands 
off moving parts until the pump is shut 
down. When there is danger of injury 
in testing pump bearings for overheat- 
ing, it may be necessary to build a 
shielded sleeve around the bearing 
housing to prevent the operator from 
getting his hand near the moving ma- 
chinery. Such a shield is particularly 
advantageous when it is necessary to 
reach over a belt drive or flywheel. 
Many large types of electric motors 
have open commutator sections and 
large openings for cooling. These 
should be covered with wire mesh 
guards. As a further precaution, it 
may be wise to post a conspicuous sign 
on the machine saying: “Don’t Touch 
Moving Machinery Unless You Intend 
to Commit Suicide.” 

As a result of pressure from safety 
groups, many manufacturers of ma- 
chinery and pumps have incorporated 
new safety features in this equipment 
within the last few years. Pump coup- 
lings of new design all have smooth 
surfaces with no keyways or protrud- 
ing belts that can catch a man’s hand 
or clothing. Proper safety guards are 
sometimes standard equipment on new 
models, and the manufacturers are to 
be complimented for adding these 
safety features. Even though a water 
plant cannot afford to junk its old 
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equipment and replace it with modern 
machinery, it is still possible to employ 
safety guards to eliminate all hazards 
and to train the operating and main- 
tenance personnel. 

When buying new pumping equip- 
ment and appurtenances, it is desirable 
not only to check performance ratings 
and efficiency but to have an expert 
look over the safety features as well. 
A careful survey of the location at 
which the equipment is going to be in- 
stalled should also be made. The ex- 
pert should make sure that the drive 
belt, flywheel, and coupling guards are 
adequate and should decide what other 
safety features, such as railings, will be 
needed. The latter can then be in- 
stalled with the equipment. 

When the aisles between pumps or 
operating equipment are narrow, as is 
common in many water plants, suitable 
guards and removable handrails should 
always be present. Facilities for lock- 
ing switches or valves when cleaning, 
maintenance, or repair work is to be 
done on pumps or machinery should be 
provided. As an added precaution, a 
warning “Hold” tag should be put on 
the locks, switches, and valves. 
Pressure Lines 

Steam, hydraulic, and air pressure 
lines always constitute a hazard. In 
this field, the original designers can 
play a big part in the installation of 
safety features. Approved hand valves 
and automatic check valves should be 
included, to allow portions of the line 
to be isoiated or taken out of service for 
repairs without shutting down the 
whole system. Also, frequent blowout 
or bleeder points should be provided, 
so that the pressure can be safely re 
leased before work starts on the line 
or equipment; these valves should re- 
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main open while the job is being done. 
A leaky shutoff valve, particularly in 
steam and compressed-air lines, can 
build up pressure in a closed system. 
A check should be made to be certain 
that the pressure is off before work is 
begun. 

Electrical Equipment 

Electrical equipment and _ wiring 
should always be installed in accord- 
ance with recommended safety prac- 
tices. Modern high-voltage and switch- 
board equipment is normally designed 
for safe operation, but there is still a 
considerable amount of antiquated 
equipment in older installations that 
needs a good safety inspection. Open 
bus bar installations around transform. 
ers and pumps have always been a 
serious hazard, as have unprotected 
switches. Metal objects falling on un- 
protected circuits have put many pump- 
ing stations out of commission for sev- 
eral hours or days and have resulted 
in death or injury to personnel. Wir- 
ing circuits in pipe and filter galleries 
subject to moisture and condensation 
should be thoroughly grounded to pre- 
vent shocks. Frequent checks must be 
made to ascertain that the grounding 
is in working order and that the opera- 
tor understands the precautions needed 
in operating or handling damp switches 
and motors. 

Extension wires, temporary connec- 
tions, and cords for small portable tools 
should always be properly grounded. 
Protective covering should be provided 
for wires laid on the ground or floor, 
or else they should be hung safely and 
securely overhead. Wires should not 
be draped over metal pipes or on nails 
where there is a chance for a short cir 
cuit. Extension cords must not be 
placed in water or on a wet floor. 
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Rubber gloves are required for high- 
voltage operation and rubber mats on 
floors at switchgear. 

No one should tinker with or at- 
tempt makeshift repairs to electrical 
equipment unless he thoroughly under- 
stands what he is doing and knows all 
the necessary safety precautions. One 
wrong move by the tinkerer can cause 
injury to himself or ruin valuable 
equipment. 


Emergency Repairs 

The chances that intelligent people 
will take when making emergency re- 
pairs and working under mental pres- 
sure are innumerable. Tenseness 
nearly always leads to errors in judg- 
ment and action. The supervisor or 
foreman must be especially alert at 
these times to maintain safety disci- 
pline. He must “size up” the job at 
the start and determine the safest way 


to do it quickly. val 
wi 


The ultimate test of whether a safety 
program is working does not depend 
entirely upon statistics. It is to be 
found in the attitude of everyone in the 

aly oh 


Conclusion 


z Task Group A2.E3 sent out ques- 


tionnaires asking for circumstances 
and causes of accidents resulting in in- 
jury for the 3-year period 1949-51, 
as well as for opinions on the effective- 
ness of certain features of safety 
programs. Also solicited were sugges- 
tions for items that would help exist- 
ing safety programs. Replies were re- 
ceived from approximately half of the 
69 organizations to which question- 
naire forms were sent. Only 20 water 
works returned the forms filled out in 
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plant, from the superintendent down 
to the lowliest janitor or watchman. 
There is no greater satisfaction than 
to know that the water treatment plant 
and pumping station have a_ good 
safety program and that everything 
possible is being done to prevent 
tragedy, heartbreak, and suffering. 

stablishing a safety program in- 
volves learning how to locate and rec- 
ognize accident hazards and deter- 
mining the proper action to overcome 
them. It is believed that the detailed 
information being gathered by AWWA 
task groups for subsequent publica- 
tion will make possible the develop- 
ment of a good safety program specifi- 
cally tailored to suit the types of op- 
erations in every water pumping and 
treatment plant. 
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all respects. It is felt that the ques- 
tionnaire was somewhat long and de- 
tailed, and the organizations that com- 
pleted it are certainly to be com- 
mended for their trouble. 

The results have been compiled and 
tabulated to show the various accident 
factors involved. Each factor will be 
discussed in turn. 


Agency of Injury 


The agency of injury is the object 
or substance that is most closely asso- 
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ciated with the injury, and that, in 
general, could have been the subject of 
proper precautions (1). Examination 
of Table 4 shows that, of the thirteen 
agencies listed, hand tools, materials 
not otherwise classified, and working 
surfaces were most often involved in 
accidents. In fact, these three classes 
accounted for more than half of the 
injuries. The agency termed “trench 
or opening” might be included within 
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vent the unsafe act of the 


involved. 


person 


Employee Activity 

The activities in which employees 
were engaged when accidents occurred 
are given in Table 5. The injuries 
for each type of activity are shown as 
a percentage of all injuries. This table 
confirms the conclusion drawn from 
Table 4 that manual operations—push- 
ing, pulling, striking, lifting, lowering, 


rABLE 4 


Hand tools 

Materials not otherwise classified 

Working surfaces not otherwise classi- 
fied 

Machinery, pumps, and prime movers* 

Trench or opening 

Vehicles* 

Boilers, pipes, and pressure vessels* 

Elevators and hoisting apparatus* 

Transmission apparatus* 

Electrical apparatus* 

Chemicals 

Conveyors* 

Miscellaneous 


Agency Population Served by Plant 


30-100 


* Reference for Table 5. 


Not many hand tools can be guarded 
while in use, but, if they are in good 
condition and used correctly, there 
should be no hazard. Handling ma- 
terials, especially heavy, bulky objects, 
can lead to injury if safe practices are 
not followed. Safe procedures reduce 
the possibility of injury more than 
mechanical guards. Accidents asso 
ciated with working surfaces can often 
be prevented by mechanical measures, 
although it is still necessary to pre- 


Agency of Injury 


No. of Injuries 
1,000's 
Total 
100-500 Over 500 
186 531 717 
186 410 611 


97 
72 
107 
71 
6 
22 
21 
11 
6 

2 
192 


or carrying—-account for a large per- 
centage of injuries, 

It should again be stressed that, in 
water distribution, safe procedure and 
attitudes in performing the most ele- 
mentary tasks will eliminate a large 
portion of the injuries. 


Type of Accident 


The type of accident is the manner 
of contact of the injured person with 
an object or substance; or the expo- 
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22 65 194 
7 114 192 
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ek ive Employee Activity 


Per Cent of All Injuries 


Activity Population Served by Plant—1,000's 


30-100 100-500 Over 500 


Pushing, pulling, or striking 25.4 23.8 29.9 
Lifting, lowering, or carrying t7: 23.8 26.8 
Operating, working with, or riding on vari- _ 
ous agencies* 2. 15.6 14.6 


Standing or sitting still 7 9.0 10.2 
Not otherwise classified 16.3 6.2 


* Refers to agencies marked with * in Table 4. 


sure or movement of the injured per- cies in Table 4, especially hand tools 
son that resulted in the injury (7). and materials. Many accidents were 
The most frequent type of accident re- of the “struck against stationary ob- 
ported in the survey (Table 6) is that ject” type, such as might occur when 
in which the injured employee was a wrench slips and the worker’s hand 
struck by a falling, sliding, flying, or hits a rock. 

moving object. Almost one-quarter of Whatever the type of accident, the 
all accidents fall into this category, seriousness of the injury will be de- 
which may involve most of the agen- termined by many factors. In a fall, 


TABLE 6 
Type of Accident 


No. of Injuries 


Type of Accident Population Served by Plant—1,000's 
Total 


30-100 100-500 Over 500 


Struck by falling, sliding, flying, and 
moving objects . 22 448 

Struck against stationary object 

Slips (causing strains) 

Caught in, on, or between 

Falls (same level) 

Burning and scalding _ 

Poisoning 

Animal bites 

Inhalation, absorption, and swallow- 
ing 

Electrical shock 

Drowning or asphyxiation 

All others 


t 
702 
483 
305 
261 
165 
80 
58 
4000 
27 
442 
ae 
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for instance, these factors would in- 
clude the distance fallen, the material 
landed on, the position of the body as 
it lands, and the physical condition of 
the individual. An accident that will 
not even injure one employee might 
kill another. A minor scratch that be- 
comes infected could cause the loss of 
an arm. As severity depends so much 
on chance, most organizations work 
on reducing the frequency of accidents, 
hoping that the severity will be cor- 
respondingly lessened. 


Mechanical and Personal Causes 


The mechanical causes of accidents 
and the percentage of injuries for all 
water works reporting are shown in 
Table 7. 

The personal causes of accidents 
are: [1] physical or mental defects; 
[2] lack of knowledge or skill; and 
[3] improper attitude or chance 
taking. These factors apply both to 
the injured person and to others in- 
volved. No tabulation is presented be- 
cause the compiled results showed 
that, in 65 per cent of the accidents 
reported, either there was no personal 
cause or the data were insufficient to 
classify. The sketchy replies indicate 
that this type of analysis was not being 
made by the water plants. It is dif- 
ficult to imagine that the large number 
of hand tool accidents could have oc- 
curred without personal factors op- 
erating in addition to mechanical 
causes. For example, if an employee 
uses a chisel with a mushroomed head 
and is cut by the sharp burrs, the 
causes are both defective equipment 
and improper attitude. 

Accidents in which neither mechani- 
cal nor personal causes were at work 
fall within the “act of God” classifica- 
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tion and happen so seldom that this 
category may be ignored. 


Features of Safety Program 


Although small water works can- 
not maintain an elaborate safety or- 
ganization or program, certain basic 
elements and functions can be assigned 
to responsible existing personnel. The 
National Safety Council lists (2) these 
basic elements of safety organization: 

1. Management leadership (assump- 
tion of responsibility and declaration 
of policy ) 

2. Assignment of responsibility (to 


operating officials, safety directors, 


supervisors, and committees ) 


TABLE 7 
Mechanical Causes 


Per Cent of 


Cause All Injuries 


Improper guarding 

Defective substances or 
equipment 

Hazardous arrangement 

Improper illumination 

Improper ventilation 

Improper dress or apparel . 

No mechanical cause 

Insufficient data to classify 


11 
58 
17 


3. Maintenance of safe working con- 
ditions (inspection, engineering revi- 
sion, and purchasing ) 

4. Establishment of safety training 
(for both supervisors and workers) 

5. Accident record system (reports 
of injuries, accident analysis, and 
measurement of results) 

6. Medical and first-aid system 
(placement examinations, treatment of 
injuries, first-aid services, and periodic 
health examinations ) 

7. Acceptance of personal responsi 
bility by employees (training and 
maintenance of interest). 
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Fourteen more detailed features 
were included in the task group’s ques- 
tionnaire, with the request that the re- 
sponding water works organization 
rate them in order of importance and 
also evaluate them as “necessary,” 
“helpful,” “doubtful,” or “not needed.” 


Features of Safety Programs 


1. Training of supervisors 
2. Interest of administration maintained 
3 
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time safety supervisor or director ap- 
pointed,’ seems to have caused the 
greatest variation of opinion, undoubt- 
edly because the size of the organiza- 
tion will largely determine the neces- 
sity for such a position. Some fairly 
large utilities, however, have been able 


Rating of Safety Features 


} — | Necessary | Helpful | Doubtful 


Not 
| Needed 


251 0 oO 
202 0 0 


Machine guards and personal protective | 


equipment used 
4. Good housekeeping maintained 
5 


. Careful selection and placement of workers 


6. Elimination of hazardous processes 
Employee safety meetings, films, etc. 
Published safety rules, with enforcement 
Reports, investigations, and analysis 

accidents 
. Safety inspections 
. Safety posters and bulletins displayed 


. Full-time safety supervisor or director ap- | 


pointed 
. Effective first-aid service in use 
. First-aid classes 


188 
169 
168 
158 
158 
155 


133 
115 
114 


97 
95 
67 | 


Feature 


Additional Features Suggested 


No. of Replies Suggesting 


Safety committees 
Awards for safety results 


Participation in local, state, and national safety 


organizations 
Safety suggestion system 
Safety ‘‘scoreboards” 


3 


The results are shown in Table & It 
will be noted that the weighted ratings 
coincide reasonably well with the 
evaluations. 

There was substantial agreement on 
the need for the first six features listed. 
The remainder were generally con- 
sidered helpful. The feature, “full- 


to integrate safety into the task assign- 
ments and job procedures of their line 
supervision so that a separate safety 
unit is not used. This is the ideal 
plan but requires a strong policy, ade- 
quate training, and constant attention 
to overcome the usual tendency to con- 
sider production first and safety sec- 


i 0 | 
14 } 6 0 0 
10 7 | 0 
8 10 1 0 
8 11 0 0 
] 5 11 4 0 
\ | 2 | 
9 5 3 3 
13 7 10 1 2 
14 | 12 5 1 
| 
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ond. The additional features sug- 
gested in the replies received are all 
excellent and should have been in- 


cluded in the original questionnaire. 


Training Aids 

The contained the 
heading: “There is a need for the fol- 
lowing items to help our safety pro- 
gram.” The items listed in various re- 
plies included : 

1. “Sound motion pictures on all 
phases of water works operations.” 

2. “Better training and testing of 
drivers.” 

3. “Further training of field super- 
visors in job evaluation and employee 
relatigns.” 

4. “More training pro- 
grams for supervisors and cooperation 
and support of same.” 

5. “All-level cooperation.” 

6. “Continuous, repetitive applica- 
tion of our slogan, ‘Attitude, ability, 
and attention the basis of accident 
prevention.” ” 

7. “Specialized — training 
water works employees and 
visors.” 

&. “Printed and visual aids designed 
for water works problems.” 

Six of these eight comments mention 
the need for training aids aimed at 
water works personnel. This fits in 
well with the importance given to the 
“training of supervisors” feature of 
safety programs. The supervisor or 
foreman has been called (3, 4) the key 
man of industry, not only in produc- 
tion, but also in accident prevention. 
There is a need, then, for aural and 
visual aids to train the water works 
supervisor and foreman so that he can 
do a better job of breaking in, train- 
ing, and supervising employees to 
work safely. 


questionnaires 


intensive 


for 
super- 
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The training aids should apply to 
water works operations specifically, if 
possible. If a foreman of underground 
work is shown a film made in a factory, 
he tends to be dubious of its usefulness 
in his work, even though the principles 
are valid. It is vital to teach the fore- 
man how to instruct and train his men. 
To hand the usual first-line supervisor 
or foreman a manual to study would 
in most instances be ineffective. 


Summary 


From the replies to the question- 
naires sent out by this task group, it 
appears that the injuries to employees 
have been most frequent in elementary 
manual labor, using hand tools and 
handling materials. The workman is 
usually injured by being struck by 
some moving object or by striking 
against something. Chance taking is 
the most common personal factor caus 
ing accidents, with lack of knowledge 
or skill second. Many features of 
safety programs are helpful in reduc- 
ing accidents. 
replying organizations, however, indi- 
cate the desirability of concentrating 
on devising specialized training mate- 
rial to assist water utilities in starting 
and operating a safety program. 


Suggestions made by 
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The assignment of Task Group 
A2.E4 is the collection and analysis of 
data on accidents involving office per- 
sonnel of water utilities. The period 
covered was 1949-52, although, because 
of the mailing time of the question- 
naires sent out by the task group, only 
50 out of 95 usable returns contained 
information on the 1952 record. Thus, 
it should be kept in mind that all subse- 
quent figures given reflect aggregates 
for approximately 3} years—that is, 
the figures represent 4-year aggregates 
for 52.6 per cent of the reporting plants 
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The water plants submitting 
usable questionnaires employed a total 
of 4,835 office workers, 113 of whom 
had some outside duties. (The latter 
figure is not exact, inasmuch as some 
plants reporting office personnel with 
outside duties did not state the number 
involved. ) Jecause the ratio of mu- 
nicipal to private ownership (84:11) 
in this group of 95 water works roughly 
approximates that in the country as a 
whole, and because the estimated popu- 
lation served (25,800,000) is approxi- 
mately one-sixth of the national total, 


95 


TABLE 9 


Item 


Distribution of Accidents 


With Program No Program | Partial Program 


Munic. | Pvt. ic.| Pvt. | Munic.| Pvt. 


Number of questionnaire returns 
Plants with no office accidents 
with no lost-time accidents 
Plants with no office accidents—per cent 
Plants with no lost-time accidents 


per cent 


and 3-year aggregates for the remain- 
ing 47.4 per cent. 

Questionnaires were sent to 155 
water plants, 102 of which returned 
them. Of these, 95 were usable, while 
7 did not contain sufficient data to war- 
rant their use in this study. Out of the 
usable returns, 41 were from plants 
having safety programs, 11 from plants 
having partial programs, and 43 from 
plants with no safety programs. Con- 
sequently, 52.6 per cent of the final fig- 
ures, and the conclusions based on 
them, reflect the experience of water 
works under some degree of safety pro- 
motional influence. 


it is believed that conclusions drawn 
from the data obtained will generally 
be applicable to the entire industry. 

Table 9 shows the distribution of ac- 
cidents among the responding plants, 
classified according to ownership and 
existence of a safety program. It will 
be noted that, out of the 52 plants with 
some type of program, 18, or 34.6 per 
cent, had no office accidents and 30, 
or 57.6 per cent, had no _lost-time 
accidents. 

The causes and types of injuries are 
considered for the years 1949-52, the 
data for 1952 being incomplete, as pre- 
viously mentioned. Because it would 
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have been superfluous to list the great 
number of odd or unique causes and 
types, only the principal ones are dis- 
tinguished in Table 10. The unclassi- 
fied causes include: foreign objects in 
the eye, uneven floors, pencil points, 
paper edges, splinters, movement of 
chair on rollers while employee was 
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bruise figure were the 49 open file 
drawer accidents. Table 10 indicates 
a yearly average of approximately 110 
accidents and an equal number of in- 
juries. Thus, each of the 95 reporting 
water plants might expect to have 
slightly more than one accident per 
year among its office workers. 


TABLE 10 


Causes and Types of Office Worker Injury 


1949 


Slippery floors 

Obsolete furniture 

Filing cabinets 
Open drawers 
Overloading 

Open doors 

Electrical and mechanical 
equipment 

Improper ill umination 

Other 


office 


Total 


Bruises 
Burns 
Sprains 
Fractures 
Other 


Total 


trying to sit down, window (closed on 
finger), broken desk glass, electric 
fan, and steel wool. Some of the un- 
classified injuries were: cuts, derma- 
titis, punctures, hernia, blisters, and 
infections. 

There is undoubtedly a relationship 
between the totals of 96 accidents due 
to slippery floors and 185 bruises. 
Probably also contributing to the high 


Cause of Injury 


Type of Injury 


1950 | 1951 


28 
5 


21 


Table 11 shows the number of days 
lost in accidents involving office em- 
ployees. The frequency and severity 
rates—3.514 and 0.034, respectively— 
indicate that there were 34 lost-time 
accidents for every million man-hours 
worked, resulting in a loss of 34 days. 
These rates are good, compared with 
those for all water works employees, 
but the hazards involved are obviously 
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not so great. According to National 
Safety Council figures (1), the fre- 
quency and severity rates for all water 
utility employees in 1951 were 30.00 
and 0.72, respectively ; the correspond- 
ing rates for all industries in that year 


were 9.06 and 0.97. 


Meter-reading Accidents 


Although the responsibility for study- 
ing meter-reading accidents was as- 
signed to Task Group A2.E4 too late 
for the subject to be included in the 
present survey, some data on this mat- 
ter are available. Fifteen water plants 
reported a total of 357 accidents to 
meter readers in the period 1949-51. 
Of these, 158 were due to animal bites 
and 111 involved working surfaces 
(poor or slippery flooring, badly 
lighted areas, and the like). Both the 
accident ratios and the lost time per 
accident decreased as the size of the 
utility increased. It may be assumed 
that the larger utilities make a greater 
effort to prevent accidents than the 
smaller plants do. The incidence of 
dog-bite cases appears high enough to 
warrant further study of methods of 
reducing their number. The figures 
indicate that this type of accident oc- 
curs once in every 35,000 man-hours 
devoted to meter reading. 7 
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Conclusion 


It may be concluded that office work- 
ers are exposed to fewer hazards and, 
therefore, suffer fewer mishaps than 
other employees. It also seems true 
that the injuries they do sustain are 
less severe, on the average. One point 
of caution is necessary. If any of the 
data presented seems to indicate a 
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greater freedom from accidents in 
plants without safety programs than in 
those which have them, it must be re- 
membered that the former may not 
keep records as religiously as the latter. 
There is a tendency to overlook or ig- 
nore many small and inconsequential 
accidents in plants that have no safety 
committeeman to check them and no 
safety forms to be filled out. 

The desirable ends to be gained from 
a study such as this are a reduction in 
the number of office personnel injured 


TABLE 11 
Lost-Time Office Employee Accidents* 


No. of 
Lost-Time 
Accidents 


No. of 
Injuries 


Days 
Year at 
195 
160 


116 
115 
118 


1949 
1950 
1951 
1952 


and a determination to find and correct 
the most common and _ repetitious 
causes. It is unfortunate indeed that 
88 persons in 1949-52 had to lose time 
from their jobs and suffer pain and 
other hardships when they were work- 
ing in as safe a place as a water utility 


Application of Safety Pro- 
Jour. 


| 
Total | 


0.034 


4-year frequency rate 
4-year severity rate: 


* Total man-hours worked, 25,042,000, 


business office should be. 
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Status of Training Courses and Certification 


A report of Committee G16 


inthe United States 
Committee Report 


Uniformity of Grading, Registration, 


and Short Courses, presented on May 13, 1953, at the Annual Con- 


ference, Grand Rapids, Mich. 


The 


committee members were: 


Raymond J. Faust (Chairman), A. P. Black, Edward S. Hopkins, 


Fred Merryfield, and Edward R. Stapley. 


Introduction 


CUHORT courses for treatment plant 
S operators have a history of at 
least 30 years. Their initial objective 
was to give practical training in the 
art of water treatment, especially in 
disinfection and bacterial control, to 
an expanding number of men who 
found themselves faced with new prob- 
lems of chemical application and con- 
trol about which they had very little 
knowledge. Health department per- 
sonnel and consulting engineers in the 
1920’s and 1930's recognized the bene- 
fits that water treatment could con- 
tribute to the health of the country and 
realized that the fulfillment of any 
program of insuring safe, clear, and 
palatable water supplies required com- 
petent control of water treatment at 
the local level. Training was needed 
to produce qualified operators 
quickly as possible to meet the demand. 
That training was provided largely 
through short courses. 

The training program has aided in 
the elimination of waterborne enteric 
infection. Today in-service training 
courses for water works personnel are 
to be found in almost every state in the 
country. Through the years, how- 
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ever, the scope of short-course train- 
ing has changed considerably. Cur- 
ricula now comprise a wide range of 
subjects, including disinfection, filtra- 
tion, taste and odor control, hydraulics, 
fluoridation, meter operation and _ re- 
pair, main disinfection, pumping, feed 
control, bacteriology, biology, and 
chemistry. All branches of water 
works operations are covered—treat- 
ment, distribution, pumping, and ad- 
ministration. Courses on distribution 
and pumping are relatively new, while 
in-service training for management is 
even more recent (Illinois in 1952 and 
Iowa in 1953). 

Certification of the qualifications of 
treatment plant operators by state 
health departments was another pro- 
gram instituted to help protect the 
public health through assuring ade- 
quate treatment and control of water 
supplies. Without competent control, 
water treatment could not be depended 
upon to produce a continuously safe 
supply. Thus, certification of treat- 
ment plant operators has proved to be 
an end result of in-service training. 
At present 23 states have certification 
programs. 


= 


| 
— = 


In-service training and certification 
of treatment plant operators have per- 
formed an outstanding service to the 
country in assuring safe water every- 
where. That work must continue. 
Moreover, interest in the training of 
distribution system personnel must in- 
The need for this type of 
training is most apparent during pe- 
riods of national emergency, when 
lives and homes depend to a large de- 
gree on the skill and resourcefulness 
of distribution system maintenance 
men. They need practical demon- 
strations in how to meet unusual cir- 
cumstances and now is the time to 
train them. The need for training 
water treatment plant operators is 
readily understood and generally ac- 
cepted. The need for training distri- 
bution system personnel has not been 
so clearly understood but of late is 
being accepted in many localities, and 
an increasing number of short courses 
on the subject have been prepared. 
Management remains the one branch 
of water utility operations in which 
personnel have not received specialized 
training—a most unfortunate situation. 
There are many signs that manage- 
ment needs training of the highest 
order in such subjects as finance, pub- 
lic relations, safety practices, master 
planning, business administration, engi- 
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neering, water treatment, rate struc- 
tures, and salesmanship. Here is a 
training field wide open for explora- 
tion. Certainly, its development will 
yield returns even greater than those 
now recorded for the other branches 
of the industry. Illinois and Iowa are 
pointing the way. 

Even a cursory survey of water sys- 
tems will show glaring weaknesses in 
too high a percentage of them. Such 
deficiencies as shortages of supply, use 
of less than recommended treatment, 
appalling wastage of water in distribu- 
tion systems and at customer taps, in- 
adequate financing, lack of adequate 
expansion, and absence of master plan- 
ning for the future are largely due to 
inadequate leacership in water utility 
management. The conclusion must be 
that much of the industry needs up- 
grading. ‘The place to attack such a 
problem is at the top and the approach 
should be through education. The ob- 
jective of the Association should be 
to recommend the qualifications for 
management personnel. And_ those 
qualifications should be high, particu- 
larly as they relate to education. Un- 
questionably, more college-trained men 
are needed in the water works indus- 
try. Attracting them presents a chal- 
lenge that the industry must act to 
meet. 


Philosophy of Training Program 


The objectives of a_ well-rounded 
short course are: [1] to improve the 
group level of occupational efficiency ; 
[2] to acquaint the group with new 
developments; [3] to develop among 
the members of the group a concept of 
their individual responsibility to the 
community ; [4] to develop among the 
members of the group a better under- 
standing of human relations; and [5| 
to bring about an increased commu- 


nity appreciation of water works op- 
eration. 

It seems appropriate to review the 
conditions in the water works indus- 
try that have resulted in the organiza- 
tion of short courses in 32 states and 
to ask to what extent the short course 
in its present form can serve to im- 
prove these conditions. In 1945 about 
80 per cent of the 15,400 public water 
supplies in this country were in com- 
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munities of 2,500 population or less. 
A large percentage of these water sys- 
tems are run by men unprepared by 
training to discharge effectively and 
intelligently the very important obli- 
gations and responsibilities inherent in 
their positions. 

Conclusive evidence on this point is 
provided by a recent University of 
Florida survey of the educational back- 
ground of 302 of the 750 water works 
operators in that state. The average 
age of these operators was found to be 
44.3 years. Six have completed less 
than six grades in grammar school; 
125 have completed work through the 
ninth grade; 138 have completed work 
through the twelfth grade; 16 have 
completed 2 years of college work; 
and only 16, or 5.3 per cent, hold col- 
lege degrees. This situation is in- 
evitably reflected in practically every 
survey having to do with the opera- 
tion of water systems. For example, 
Gorman and Wolman (1), in their re- 
port on waterborne outbreaks, 1920 
36, point out that “one of the most dis- 
tressing aspects was the number of 
outbreaks due to apparent laxity in 
the operation of equipment. The hu- 
man equation as a contributing factor 
was vividly portrayed in altogether too 
many instances.” Eliassen and Cum- 
mings (2), in a later survey of water- 
borne outbreaks, state that none of the 
327 outbreaks that occurred during the 
period 1938-45 “could be attributed to 
the inherent inability of a properly de- 
signed water treatment plant to handle 
the pollutional load. Rather, a failure 
of the human element to make the 
plant perform as it was capable of 
doing was responsible for many out- 
breaks.” 

The fact that the percentage inci- 
dence of waterborne disease has been 
reduced almost to the vanishing point 
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has been due not only to technical de- 
velopments in the art of water purifica- 
tion but also to the loyalty and devo- 
tion to duty of a large group of opera- 
tors who, through their own efforts, 
have better prepared themselves to 
perform their duties. 

It is extremely important to remem- 
ber that small water systems do not 
imply either small problems or small 
responsibilities. Glace (3), discussing 
the design and operation of small wa 
ter plants, has pointed out that the 
quality of engineering skill, as well as 
the total amount of engineering service 
used in the design of a small plant, is 
usually in proportion to the size of the 
works and that provisions for the con- 
trol of water quality, other than bac- 
teriological safeguards, are generally 
unconsidered except in plants with 
filters. One water works operator 
(3) has recorded the opinion that he 
found it easier to supervise the opera- 
tion of an 8-mgd softening plant that 
included treatment units for boiler, 
air-conditioning, and deionized water 
than to operate, without specialists, a 
0.25-mgd treatment plant. Herein 
lies the crux of the problem. The op- 
erator of the small plant, more often 
than not, finds himself in charge of 
underdesigned units with inadequate 
instrumentation, although his techni- 
cal problems are often as great and his 
burden of responsibility is always as 
heavy as that of the operator of a 
large plant. The subject matter of 
existing short courses is indicative of 
the desire and the need of these men 
for a wide diversity of technical infor- 
mation in the field. 

It should constantly be stressed that 
the employment of the technically 
trained man, at an adequate salary, is 
an economical procedure even in a 
small water system and will yield sub- 
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stantial financial returns. The per 
capita investment cost and the unit 
cost of operation are usually sub- 
stantially higher for the small plant 
than for the large one. These facts 
constitute a challenge to the water 
works industry and to the Associa- 
tion. Subscribing to the principle of 
using short courses and similar agen- 
cies and devices for the teaching of 
nonprofessional and technically un- 
trained water works operators and 
managers does not mean endorsing a 
situation that is not in the best in- 
terests of the community served, the 
public health in general, or the Asso- 
ciation. 

The Association should begin to em- 
phasize more and more a carefully 
planned and aggressive program of 
public relations, the objectives of 
which should be the professionaliza- 
tion of the operational and manage- 
ment phases of the water works indus- 
try, with the eventual result that only 


Short 


short courses 


Questionnaires on 
were sent to the various AWWA sec- 


tions for distribution. Information 
was requested on administration and 
course content, the latter being sub- 
divided into basic science, technology, 
and subjects related to operation and 
minor administrative practices in the 
water works field. A condensed sum- 
mary of the replies is presented in 
Table 1 of this report. No elaborate 
statistical analyses were made, as the 
data did not warrant such treatment. 


Administration of Short Courses 


Of the 32 short courses reported, 26 
are held annually, 1 semiannually, 3 
biennially, and 2 irregularly. They 
are sponsored by 36 universities and 
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technically trained men will be placed 
in charge of water works utilities, 
large and small. The Association 
chould, however, vigorously pursue by 
all possible means an interim program 
of encouraging the further development 
of short courses and extension and 
correspondence courses. An_ ideal 
program of education for an adult 
group of the type involved would place 
the short course at the beginning of a 
well-planned interim program of study. 
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Courses 


colleges, 17 AWWA sections, 29 state 
health departments, 14 operators’ as- 
sociations, 9 municipal leagues, and 3 
state vocational education departments. 
The U.S. Public Health Service is also 
a sponsor. 

Although a part of the expenses of 
the short courses is met by registra- 
tion fees, the universities and_ state 
health departments carry the major 
portion of the financial burden. No 
data on the actual cost of such courses 
were obtained, but it is well known 
that many expenses are absorbed by 
the civil engineering and other depart- 
ments of the universities and colleges. 
This is also true, to a lesser extent, 
for several state departments of health, 
which furnish part of the instructional 
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staff or equipment. Except in a few 
courses, the registration fees do not 
cover the cost of promotion, laboratory 
supplies, books, and stenographic help. 

The expenses of the registrants for 
travel, lodging, and food are borne by 
both the individuals and the cities for 
which they work. This matter un- 
questionably involves administrative 
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attitude and policy and, in smaller 
measure, the personal relationship be- 
tween the individual and his superiors. 

The length of the annual courses 
given ranges from 2 to 6 days, with 3- 
and 5-day courses being the most pop- 
ular. Three courses are of longer 
duration and might well be classified 
as extension courses. The 31 courses 


rABLE 1 


Sponsorship (31 Courses) 


No. of 
Sponsors 


Type of Organization 


AWWA section 
State health department 
College or university 
Operators’ association 
State municipal league 
State vocational education agency 
Financing (31 Courses) 
Person- 
nel and 
Supplies Total 


Major 
Source of Financ- 
Financing ing 


AWWA section F 3 
State health depart- 
ment 
College or university 
Operators’ association 
State municipal 
league 
State vocational 
education agency 1 
Registration fees 24 


Personal expenses (21 Courses) 


Indus- 
tries 


Per Cent 
Paid 
100 

95 
90 
60 
50 


Individ- 


uals Cities 


Data on Short Courses 


Course Frequency (32 Courses) 


of 


Frequency Courses 


Semiannual 1 
Annual 26 
Biennial 
Irregular 


Course Length (31 Courses) 


No. of 
Courses 


Length 
days 


Attendance (30 Courses) 


No. of No. of 
Students Courses 


10-25 

25-50 

50-75 
75-100 
100-125 
125-150 
150-200 
Over 200 


Educational Requirements (32 Courses) 


Courses 


None 27 
Grade school 
High school 


Prerequisite 
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TABLE 1—Data on Short Courses (contd.) 
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Examinations (32 Courses) 
No. of 
Courses 


11 
21 


Examinations 


Have* 
Do not have 


Course Content (32 Courses) 


Courses 
With 
Minor 

Emphasis 


Courses 
With 
Major 
Subjectt Emphasis 
Mathematics 

Arithmetic 6 

Fractions and decimals 12 

Metric system 

Algebra 

Geometry 

Practical applications 


Chemistry 

Valence 

Atoms and atomic 
weights 

Equations 

Standard solutions 

Chemical reactions 

Laboratory control 
tests 

General 

Qualitative 

Quantitative 

Organic 


Bacteriology 
Disinfection 
Sterilization 
Media 
Laboratory technique 
Coliform tests 
Interpretations 
Standard methods 
Epidemics 


Water treatment 
Turbidity 
Sedimentation 
Coagulation 
Chemical handling 
Chemical feeding 


* Total students passing, 85 per cent. 


Courses 
With 
Major 

Emphasis 


Subjectt 


Water treatment (contd.) 


Softening (lime-soda) 9 
Softening (ion exchange) 4 
Toxic materials 2 
Taste and odor 16 
Color 5 
Algae 11 
Algicides 
Trade wastes 5 
Disinfection 25 
Dechlorination 3 
Fluoridation 9 
Filtration 17 
Corrosion 11 
Iron removal 5 


Engineering and 
Maintenance 


Hydraulics 
Hydrology 
Engineering materials 
Maps and records 
Maintenance and repair 

Meters 

Mains 

Hydrants 

Valves 

Feeding equipment 
Packing materials 
Water storage 
Disinfection of mains 
Pumps 
Emergency operation 
Pipe joints (types) 
Trenching, shoring, etc. 
Freezing, thawing 
Plant design (minor) 


NK OO 


Administration 


Accounting 

Rates 

Meter reading 
Billing 

Collecting 

Office management 
Depreciation 


me 


Courses 


With 


Minor 
Emphasis 


oN 


t The following figures indicate the number of short courses that did not include the subjects listed: mathe 
matics, 9; chemistry, 4; bacteriology, 7; water treatment, 2; engineering and maintenance, 3; and administra 


tion, 11. 
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TABLE 1—Data on Short Courses (contd.) r 


Courses 
With 
Minor 

Emphasis 


Courses 
With 


Major 
Subjectt 


Emphasis 
Administration (contd.) 


Labor relations 
Public relations 


Safety practices 


Unclassified 


H2S removal 
Plant maintenance 
Wells 

_ Cross connections 

Electricity 

Lubrication 
Stream measurement 

Controls 
Pumping and ground 

water 

Financing 

Economics of water 

softening 


Courses 
With 
Minor 
Emphasis 


Courses 
With 
Major 

Emphasis 


Subjectt 


Unclassified (contd.) 

Public health regula- 
tions and licensing 
laws 

Civil defense 

Radioactivity 

Microscopy 

Geology 

Field inspections 

Public speaking 

Water rights 

Legal rights of districts 

Specifications (AWWA) 

Fire protection 

Telemetering 

Mine acid problems 

Leak detection 

Stream pollution 

Plumbing 

Watershed sanitation 


totaled more than 150 days per year. 
Omitting the three longer courses just 
mentioned, more than 100 days of gen- 
eral short courses are given annually 


in the water works field. c 
Attendance 


The attendance at the courses 
ranges from 16 to almost 600. In 
1951 more than 2,200 water superin- 
tendents and operators attended water 
works short courses for a total of ap- 
proximately 13,300 man-days. The 
effort expended by instructors on 
preparation of notes, provision of labo- 
ratory equipment and supplies, and 
arrangements for housing cannot be 
measured but is undoubtedly consider- 
able. 

Eighty-five per cent of the short 
courses given have no educational pre- 
requisites, and only 12 per cent re- 
quire a high school education. The 
problems of organizing lectures and 


demonstrations for students with a 
large diversity of learning can best be 
left to the imagination. The desire 
for knowledge on the part of many 
registrants with very little formal edu- 
cation is admirable. ‘The absence of 
educational prerequisites does not im 
ply, however, that many of the regis- 
trants do not have high qualifications. 
Unfortunately, this item was not cov- 
ered in detail in the questionnaire, but 
it is probably true that the sponsors of 
the short course are anxious to help 
all who are interested. 

Approximately two-thirds of the 
courses have no examinations. More 
consideration might be given to their 
use, principally to indicate weaknesses 
of instruction. 


Course Content 


Tremendous technical strides have 
been made in the water works indus- 
try in the past 30 years. Hindsight 
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makes it easy to say what should have 
been taught in high school and else- 
where, but the fact remains that many 
operators who do not have the neces- 
sary basic training are eager to learn. 
This desire must be satisfied. 

The short courses emphasize the 
practical applications of mathematics, 
chemistry, and bacteriology which are 
basic to an understanding of the water 
works operator’s job. Laboratory 
work in chemistry and bacteriology is 
particularly stressed. 

Formal lectures in traditional divi- 
sions of these subjects are somewhat 
neglected, probably because of time 
and requirement limitations. It is evi- 
dent that customary teaching methods 
and subjects are being revised in the 
light of previous instruction and ex- 
perience in short courses. It is en- 
couraging that so many operators 
want to learn more about community 
health and their responsibility in that 
regard. 

The technique of water treatment is 
a very important subject. There are 
few short schools in which it does not 


“Special” and Extension Courses 


Fourteen “special” courses other 
than short-school sessions are offered 
in nine states. With the exception of 
the “intensive training” program in 
Michigan and the 3-day utility man- 
agement schools in Illinois and Iowa, 
these courses are merely a continua- 
tion of short-school sessions and 
should be considered as such. 

They include chlorinating-equipment 
repair training (1 course); refresher 
in plant operation (5 courses) ; water 
system control for civil defense (2 
courses). It is apparent that the sub- 
jects are selected in accordance with 
local needs or availability of facilities 
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occupy a major place on the program. 
Engineering and maintenance are less 
emphasized. Maintenance problems in 
a short course are probably best han- 
dled informally, by demonstration and 
free discussion. A debate on the type 
and amount of engineering that can 
be taught in a short course might 
easily be started, but unquestionably 
more attention could be paid to some 
engineering subjects. 

There are probably two reasons why 
water works administration generally 
is not stressed. First, the excellent 
work of the AWWA Water Works 
Management Div. helps to fill this 
need; and, second, many of the par- 
ticipants are in submanagerial posi- 
tions. By far the greatest number of 
administration courses are devoted to 
public relations. 

The large range of subject matter, 
the fine attendance record, and the 
voluntary participation by registrants, 
instructional staff, and sponsors indi- 
cate that the short course for water 
works personnel is an important means 
of informal adult education. 


and have been developed to appeal to 
the individual without consideration of 
an overall comprehensive policy. This 
condition is illustrated by the fact that 
financial support is given by individ- 
uals rather than by state health de- 
partments and educational agencies. 
AWWA section participation was no- 
tabiy absent. 


Extension Courses 


The survey of extension courses, in- 
cluding correspondence courses, of- 
fered by various colleges and univer- 


sities produced interesting results. 
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Questionnaires were returned from 
174 colleges advertising extension 
courses. Ninety-seven institutions, or 
55.7 per cent, offer a curriculum that 
would be of advantage to water works 
personnel. It should be noted that 


these courses are available in all sec- 


Colleges | Colleges 


Offer 
| Reporting — 


Alabama- Mississippi | 
Alabama 
Mississippi | 

Arizona 

California 
California 
Nevada 

Chesapeake 
Delaware 
Maryland A 
Dist. of Columbia 

Florida 

Illinois 

Indiana 

lowa 

Kansas 

Kentucky- Tennessee 
Kentucky 
Tennessee 

Michigan 

Minnesota 
Minnesota 
North Dakota 
South Dakota 

Missouri 

Montana 

Nebraska 

New England 
Connecticut 
Massachusetts 
Maine 


AWWA Section 
and State 


why ro 


=> 
= 


ww 


tions except Arizona, Florida, Nevada, 
Tennessee, North Dakota, Massachu- 
setts, New Hampshire, Vermont, 
South Carolina, and the Pacific North- 
In each instance, colleges in 
stated that extension 
made available if 


west. 
these 
courses 


areas 
would be 


| New Jersey 


| Southeastern 


The 


such 


there were a demand for them. 
geographical distribution of 
courses is presented in Table 2. 

Engineering and technical subjects 
are offered in many locations. In 58 
per cent of the colleges, the bachelor 
degree is given after accumulation of 


TABLE 2 


Distribution of Extension Courses in the United States 


Colleges 


Offering 
Course 


AWWA Section 
and State 


Colleges 
Reporting 


New England (contd.) 
New Hampshire 
Rhode Island 
Vermont 


New York 
North Carolina 
Ohio 
Pacific Northwest 
Idaho 
Oregon 
Washington 
Pennsylvania 
Rocky Mountain 
Colorado 
New Mexico 
Utah 
Wyoming 


Georgia 
South Carolina 
Southwest 
Arkansas 
Louisiana 
Oklahoma 
Texas 
Virginia 
West Virginia 
Wisconsin 


Total 


credits from extension work, while 
another 21 per cent give credit for ex- 
tension work but require additional 
residence for the degree. High school 
training or equivalent is necessary for 
college credit, but when credit is not 
desired, this prerequisite is waived. 


y 
° 
2 3 3 
0 0 0 ; 
1 
= 8 16 | 11 
0 1 | 1 
13 6 
1 0 
2 0 
3 0 
10 5 A 
2 1 
2 1 
2 2 
1 1 
0 
4 3 1 7 
) 0 
2 im 
0 3 2 
2 1 1 on 
2 6 4 7 7 
2 3 2 . 
7 3 
1 1 
0 — 


Data on types of courses and admission 
requirements are shown in Table 3. 
Extension study is generally con- 
ducted in evening classes on the cam- 
TABLE 3 
Extension Curriculum Details 


Per Cent of 
Colleges 
Reporting 


No. of 
Colleges 


Course 
Chemical engineering 
Civil engineering 
Electrical engineering 
Mechanical engineering 
Sanitary engineering 
Bacteriology 
Biology 
Chemistry 
Mathematics 
Physics 


Degree 


Not given 
Given 


Prerequisite 


High school diploma 
Equivalent examination 
No requirement 


pus, but other periods are frequently 

utilized. Many colleges located in 

small towns have established addi- 


In 1935 only five states had pro- 
grams for the licensing of water works 


employees—Michigan, New Jersey, 
Ohio, Texas, and West Virginia. The 
authority by which licensing or certifi- 
cation was carried out in these states 
varied widely. The Michigan certifi- 
cation program, for instance, had been 
in operation since 1931, under a state 
health department regulation. The 
New Jersey certification program op- 
erated under a state statute passed in 
1918, while the Ohio program came 


tional training centers in large cities. 
Fifty-one per cent of those reporting 
have classes in one or more locations 
in addition to training on the campus 
(‘Table 4). 

It may be concluded that, with the 
exception of the states noted, exten- 
sion courses are available throughout 
the United States and offer formal 

TABLE 4 
Location and Time of Extension Classes 


Per Cent of 
Colleges 
Reporting 


No. of 


Location Colleges 


84 


87 
51 


On campus 
Off campus 


Time 


74 
42 
36 


Evening 
Afternoon 
Saturday 


training in either engineering or sci- 
ence subjects that will benefit water 
works personnel. It is believed that 
the information obtained is sufficient 
evidence to justify the AWWA in es- 
tablishing a program to encourage the 
development and use of such college 
courses. 


Certification of Water Works Personnel 


under the registration law for profes- 
sional engineers. West Virginia was 
pursuing its certification program un- 
der a law adopted in 1933, and Texas 
was using a voluntary licensing sys- 
tem supervised by the Texas Water 
Works Operators’ Association. It is 
of interest to note that Michigan, Ohio, 
and Texas subsequently changed their 
authority for certification to state 
statute. 

By 1952 the idea of certifying the 
qualifications of water plant operators 
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had spread to 23 states, 16 of which 
followed a voluntary plan of certifica- 
tion, while 7 operated under state 
statutes. The remaining 25 states had 
not attempted certification programs 
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tors are certified. (This analysis omits 
Louisiana, Minnesota, Pennsylvania, 
and South Carolina for lack of infor- 
mation or because the programs have 
not been established long enough to 


TABLE 5 
State Certification Programs 


Year 
Program 
Started or 
Law | 
Enacted | 


Per Cent 
of Eligible 
Operators 
Certified 


Administering Agency 


Voluntary Certification 


1950 
1940 
1936 
1941 


Alabama 
Arkansas 
California 
Florida 


1936 
1938 
1940 
1940 
1951 
1941 
1940 


Georgia 

I lline 
Kentucky 
Louisiana 
Minnesota 
Missouri 

North Carolina 


1937 
1949 


North Dakota 
Oklahoma 


1951 
1935 


Pennsylvania 
South Carolina 


Tennessee 


Ala. Water and Sewage Assn. 
| Ark. Water and Sewage Assn. 
| Calif. Section, AWWA 
| Fla. Water and Sewage Works Assn. and Fla. 
| Dept. of Health 
| Ga. Water and Sewage Assn. 
Ill. Dept. of Health 
Ky. Dept. of Health 
La. Conference on Water Supply and Sewage 
| Minn. Dept. of Health 
Mo. Water and Sewerage Conference 
N.C. Dept. of Health 
N.C. Water Works Operators Assn. 
N.D. Water and Sewage Works Conference 
| Okla. Water, Sewage, and Industrial Wastes 
Conference and Okla. Dept. of Health 
Pa. Water Works Operators Assn. 
| S.C. Water and Sewage Works Assn. and S.C, 
| Board of Health 
1939 | Tenn. Dept. of Health 


Connecticut 
Michigan 
New Jersey 
New York 
Ohio 

Texas 

West Virginia 


Mandatory Certification (State Statute) 


Conn. Dept. of Health 
Mich. Dept. of Health 
N.J. Dept. of Health 
N.Y. Dept. of Health 
Ohio Dept. of Health 
Tex. Dept. of Health 
W.Va. Dept. of Health 


* May vary slightly owing to administrative operations. 


of any type. Table 5 gives some basic 
facts about the programs. A study of 
these data indicates that, under the 
voluntary certification plan, an average 
of 35.6 per cent of the eligible opera- 


7 


produce a representative figure.) In 
contrast, the average percentage of 
eligible operators certified in seven 
states under the mandatory system is 
94.7, more than 2} times the average 


Me 


State 
| 
20 
36 
50 
16 
35 
50 
10 
20 
85 
iS 
30 
| 60 
1933 100 
1941 95 
1933 * | 90 
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percentage of certified operators under 
the voluntary system. 

This comparison reveals a weakness 
inherent in the voluntary system. The 
tendency under such a system is to 
certify the competent and progressive 
operators only. Because the plan is 
voluntary, the unqualified and unin- 
terested operators have little incentive 
to try to become certified. Many of 
these operators are located in small 
towns. Thus, the voluntary certifica- 
tion plan fails where it is needed most. 
This basic concept should thor- 
oughly understood by those adminis- 
tering a voluntary program. In fact, 
it should be considered only a stepping 
stone to a mandatory system. 

Mandatory programs also experi- 
ence their greatest difficulties in certi- 
fying the small water system operators, 
largely owing to the lack of qualified 
personnel in small towns. Conse- 
quently, the program of certification 
must also provide for educational facili- 
ties such as short courses to help op- 
erators qualify. Educational programs 
are time consuming and difficult to de- 
velop to meet the varied needs of the 
operators. Nevertheless, such pro- 
grams are profitable if followed through 
to completion. 

Of the voluntary systems of certi- 
fication now being practiced in 16 
states, 7 are administered by the local 
(state) water works association, 1 by 
the state AWWA section, 4 by state 
health departments, and the remain- 
ing 4 by a combination of state health 
departments and local water works as- 
sociations. An analysis of the per- 
centage of eligible operators certified 
under each of these four administra- 
tive categories shows that a voluntary 
certification plan operated solely by 
the state health department, or by the 
state health department in conjunc- 


tion with the local water works asso- 
ciation, produces results (48 per cent 
of operators certified) superior to 
those produced when certification is 
administered solely by the local water 
works association (26 per cent certi- 
fied). The certification plan in Cali- 
fornia is administered by the AWWA 
section, which has done a commend- 
able job, 50 per cent of the eligible op- 
erators being certified. Generally, 
however, if voluntary certification is 
adopted, it appears advisable to have 
the state health department administer 
the program or share in its adminis- 
tration. All mandatory certification 
programs are administered by state 
health departments. 


Certificate Grades 

The survey indicates that a wide 
variety of classes or grades of certifi- 
cates is being used. One state has 
seven grades, although three or four 
is the most common number—8 and 
9 states, respectively. Three states 
have five grades; 1 state, one grade; 
and 1 state, six grades. It is also of 
interest that in 10 states the operators 
and managers of both treatment plants 
and distribution systems are certified, 
while in 13 states only treatment plant 


| 


operators are certified. 


A review of the list of requirements 
for candidates for certification (ap- 
pended to this report) will provide a 
key to the scope of the programs. 
Educational, experience, and character 
requirements are included. 


Tenure of Certificate 


Candidate Requirements 


An analysis of the policies of the 23 


certification programs on certificate 
tenure shows that 6 states issue cer- 
tificates good indefinitely unless re- 
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voked for cause. In contrast, 2 states 
issue certificates that expire after 1 
year ; 5, after 2 years; 4, after 3 years; 
and 4, after 5 years. Two states issue 
certificates for different lengths of 
time, depending on the class; that is, 
Class C certificates for 3 years; Class 
B, for 5 years; and Class A, perma- 
nent. One state permits certificates 
of limited tenure to become permanent 
when the candidate has passed three 
examinations taken at 2-year intervals. 

Renewal of certificates on expira- 
tion is accomplished in a number of 
ways: by examination, by application 
and payment of a fee, by attendance 
at a state water conference, by comple- 
tion of two out of three short courses, 
by application and examination or at- 
tendance at school, and by discretion 
of an examining board. 


Reciprocity 


Nineteen of the states that have a 
certification program do not honor the 
certificates of other states. The chief 
reason for this lack of reciprocity ap- 
parently is the absence of a need or de- 
mand for it. Four states—Arkansas, 
Florida, Ohio, and Texas—have actu- 
ally practiced reciprocity on a very 
limited scale, Texas having accom- 
plished more than any of the other 
states. It is of interest that 14 of the 
states with certification programs in- 
dicate a belief that reciprocity is de- 
sirable, while 5 think not and 4 remain 
neutral. 

It appears that reciprocity can never 
be established on a nationwide basis 
until the disparity in the quality of 
certification between the states is at 
least partially eliminated. Within cer- 
tain limitations, reciprocity might now 
be established between those states 
that have mandatory certification. 
Their qualification standards for can- 
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didates are not very far apart. The 
fact remains, however, that, even 
though the majority opinion is favor- 
able to such a scheme, there is at pres- 
ent no great need for it. A war or 
other emergency could alter that 
position. 


Examinations 


Practically all the states—22—re- 
quire candidates to pass examinations 
to obtain a certificate of competency. 
Illinois uses only training and experi- 
ence records to establish qualification 
for certification. In one state, the ex- 
amination is usually oral, while, in 
another, it may be either written or 
oral. The great majority require the 
passing of written examinations to 
qualify for a certificate. Michigan also 
requires the candidate to pass a practi- 
cal laboratory test in the techniques of 
conducting chemical and_ bacteriologi- 
cal water examinations. 
Revocation of Certificates 


Provision is made in most certifica- 
tion programs for the revocation of 
certificates for cause, such as incom- 
petence, practice of fraud or deceit, or 
negligence. Sixteen states reported 
such provisions, while five indicated 
that they had none. 


Evaluation of Certification 


An effort has been made to evaluate 
the benefits resulting from certifica- 
tion programs in the 23 states that 
have them. ‘Table 6 shows quite con- 
clusively that, in the opinion of the 
people who answered the question- 
naires, certification programs are very 
much worth while. The summary fur- 
ther indicates that the greatest bene- 
fits are received from those certifica- 
tion programs that are supported by 


a state statute. 
oy 


— 
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There is general agreement that cer- 
tification programs have benefited the 
public health and raised the quality 
and morale of the operators. These 
are creditable accomplishments. If 
“don’t know” is accepted as negative, 
however, it will be seen that opinion 
was almost evenly divided on the effect 
certification has on the financial status 
of the operators and on the removal 
of their jobs from politics. 

The value of mandatory certifica- 
tion was indicated by the unanimity 
of opinion, in states that have it, on 
the benefits obtained. For example, 
there was no question that compul- 


TABLE6 
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politics. These conclusions would 
still hold even ignoring the replies from 
the three states (Alabama, Minnesota, 
and Pennsylvania) that have not 
practiced voluntary certification long 
enough to develop an accurate opinion. 


College-trained Operators 


This overall improvement in the 
quality of water plant operators is due 
in large measure to the impetus pro- 
vided by certification programs which 
showed up educational deficiencies 
and produced a remedy in the devel- 
opment of present extensive in-service 
courses. ‘These are carried on under 

ray 


Opinions on Effects of Certification 


States With Mandatory 
Certification 


States With Voluntary 
Certification 


Don't 


Weak 
No | Know 


Don't Yes 


Yes Ves N Know 


Enhanced public health 12 
Raised quality of operators j il 
Raised morale of operators | 10 
Improved financial status of operators | 4 
Removed jobs from politics 4 


sory certification enhanced the public 
health, raised the quality of the opera- 
tors, and removed their jobs from 
politics. The opinion was also practi- 
cally unanimous that compulsory cer- 
tification, by assuring job security, 
raised the morale of the operators. 
Even in the matter of improving the 
financial status of the operators, the 
opinion was in the affirmative, al- 
though not unanimously so. In con- 
trast, a review of the opinions ex- 
pressed in the sixteen states with vol- 
untary certification plans indicated 
that there was no certainty of improv- 
ing the financial status of the opera- 
tors or of removing their jobs from 


| Weak 
| 


the auspices of health departments, 
AWWA sections, state conferences, 
colleges, and similar groups. The in- 
service training courses have given 
considerable help to the small plant 
operator in passing qualifying exami- 
nations to become certified, and for 
that accomplishment health depart- 
ments can be genuinely thankful. Un- 
fortunately, certification has not at- 
tracted college-trained men. 

A special letter was written to eight 
states, four practicing compulsory cer- 
tification and four voluntary certifica- 
tion, to learn something about their 
records on college-trained certified op- 
erators. The four states practicing 
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compulsory certification were Michi- 
gan, Ohio, Texas, and West Virginia; 
the voluntary-plan states, Arkansas, 
California, Georgia, and Missouri. 
These states were asked to compare 
the percentage of the highest class of 
certified operators holding college de- 
grees at present with the percentage 
in the first full year of operation under 
the certification plan. The replies 
from three of the states practicing 
mandatory certification (Ohio data 
were unavailable) are summarized in 
Table 7. The experiences of the three 
mandatory-certification states were sur- 
prisingly similar. All three showed a 
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highest certification category. If the 
Michigan record is carried back to 
1937, when certification was under de- 
partment regulation, the percentage is 
found to be 67 (the same as in 1941), 
a further indication of the stability of 
this ratio. 

The source of the West Virginia sta- 
tistics stated that: 


It is apparent .. . that our certification 
program has not been instrumental in at- 
tracting better educated men into the 
field. In my opinion, we have a better 
educated and qualified group of second- 
class operators today than we had 20 
years ago, but that is due to the higher 


TABLE 7 


Operators With College Degrees (Mandatory-Certification States) 


First Year 


Last Year 


Class of 
Certifi- 
cation 


Operators 


Per Cent 
Improve 
ment 


Operators 


Michigan 
Texas 
West Virginia 


Fl 


* Ohio data unavailable. 


decline of 1 per cent in the number of 
certified operators holding college de- 
grees over a period ranging from 5 to 
18 years. The results clearly indicate 
that compulsory certification programs 
do not attract college-trained person- 
nel. By the same token, such pro- 
grams do not deter college men from 
continuing in this field of endeavor. 
The level of employment of college 
graduates as certified water plant op- 
erators apparently varies considerably 
between the states. Michigan shows 
a college-trained operator employment 
level of 66 per cent, slightly more than 
twice the Texas level. West Virginia 
presents a very creditable showing of 
55 per cent of the operators in the 


9 


“ad 


educational level which prevails generally. 
It is my frank opinion that our certifica- 
tion program has not materially improved 
the economic status of the water plant 
operator and such positions today are less 
attractive to the competent man than they 
were 20 years ago. 


The replies from the four selected 
states practicing voluntary certification 
were not encouraging. Arkansas re- 
ported that 52 per cent of the Class A 
certificates in 1941 were held by 
college-trained operators. By 1951 a 
9 per cent loss had brought this figure 
dewn to 43 per cent. In contrast, in 
Georgia, the percentage of college- 
trained certified personnel rose from 
50 to 75 per cent during the period 


> 


ind 


| 
Year Year 
= 1941 24 67 | 1951 | 35 66 -1 
1945 24 32. | 1950 | 41 31 —1 =. 
| 1934 | 22 56 | 1952 | 
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1941-51. The source of the Georgia 
statistics pointed out, however, that 
they do not tell the whole story: 


Actually between 1941 and 1951 the 
number of men holding Class A certifi- 
cates had decreased approximately two- 
thirds. Most of these left to accept posi- 
tions with defense plants, the military 
service, or private industry, but I am 
certain the fact that they held A certifi- 
cates helped several to get better posi- 
tions. 

California reported that : 

During the year 1941 our certification 
committee was inactive and no certificates 
were issued; 1943 is the closest year in 
which any number of certificates were 
issued. During 1943 thirteen certificates 
were issued, and four (30.7 per cent) of 
those certified had some college training. 
During 1951 a total of 61 certificates was 
issued, and seventeen (28 per cent) of 
the men certified had some college train- 
ing. 


The situation in 
summed up thus: 


Missouri was 


The voluntary licensing program of the 
Missouri Water and Sewerage Confer- 
ence was started in 1941. Operators 
were first issued licenses on Apr. 12, 
1941. From that date to 1951 eight 
operators received Class A license cer- 
tificates. Six of the eight have college 
degrees. The two having passed the 
Grade A examinations without college 
degrees have taken correspondence 
courses and have been in water works 
operation for many years. Approxi- 
mately ten or twelve others during the 
past 10 years have tried for the Grade 
A license but have failed. 

In my opinion, certification of water 
works operators has had little or nothing 
to do with attracting college-trained men 
to the water works profession. 


Summary 


1. Certification programs are grow- 
ing in number in the United States. 
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During the past 17 years (1935-52) 
they have increased from five to 23. 
The chronological distribution of these 
programs shows New Jersey as the 
leader in 1918. There followed a pe- 
riod of 12 “fruitless” years, broken by 
Michigan in 1931. One to four states 
followed Michigan’s lead during each 
of the next 8 years, during which pe- 
riod (1931-41) eighteen states inaugu- 
rated certification programs. No new 
programs were started during and im- 
mediately after World War II (1942- 
48). In 1949 Oklahoma launched a 
program, followed by Alabama in 1950 
and Minnesota and Pennsylvania in 
1951. No additions were made in 
1952. 

2. The majority of the certification 
programs are of the voluntary type. 
Sixteen of the 23 programs fall into 
this category. 

3. Compulsory certification pro- 
grams are superior to voluntary pro- 
grams when analyzed according to 
these criteria: [1] number of eligible 
operators certified; [2] safeguarding 
the public health; [3] raising the qual- 
ity of the operators; [4] raising the 
morale of the operators; [5] improv- 
ing the operators’ financial status ; and 
[6] removing the jobs from politics. 

4. Reciprocity among the states 
practicing certification appears to be 
desirable in the opinion of the major- 
ity; however, the need for reciprocity 
is not established. 

5. Twenty-two of the 23 states prac- 
ticing certification programs require 
the successful completion of an exami- 
nation to become certified. 

6. Revocation of certificates for 
cause is firmly established but so far 
has not been practiced. 

7. Certification programs do not at- 
tract college graduates to the water 
works field. Economic conditions ap- 
parently control such decisions. 


4 
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and Conclusions 


Based upon its studies, the commit- 
tee recommends that: 

1. Short courses with higher edu- 
cational prerequisites should be devel- 
oped for water works personnel ; how- 
ever, more emphasis should be placed 
on in-service training, extension, and 
correspondence courses. 

2. Conferences _ for 
should be developed. 

3. With the general availability of 
extension and correspondence courses 
throughout the United States, offering 
formal training either in engineering or 
in science subjects of benefit to water 
works personnel, the future program 
of the Association should encourage 
study in such courses. 

4. Where certification is instituted, 
it should be of a compulsory type ad- 
ministered by the state department of 
health. Voluntary certification pro- 
grams should aim toward a compul- 
sory program as a final ian 


ik 


management 


5. Certification should be permanent 
unless revoked for cause. 

6. Candidates for certification should 
be required to pass an examination, 
preferably written. 

7. Certificate 
be uniform. 

There should be uniformity in 
examinations for certification in equal 
grades or classes. 


classifications should 


The adoption of such a program by 
the Association should result in the 
following benefits : 

1. The assurance that technically 
trained personnel will be in responsible 
charge of all public and private water 
supply systems. 

2. Substantially 
qualifications for 
erators. 

3. Certifying of water works oper- 
ators. 


educational 
plant op- 


higher 
water 


4. Adequate salaries and tenure. 


APPENDIX | 


Requirements for Certification 


On the following pages are tabulated the requirements for certification in the 
23 states that have either voluntary or mandatory plans. 
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ater works and 
worries appear to have enjoyed the 
same kind of increase in public atten- 
tion and sympathy that has been di- 
rected to the merely human problems 
in the field. Thus, within the past 


month, our files have been almost over- 
run by everything from rats to hippo- 
potami. 

Among the first arrivals was a lone 


wild beaver, who, taking a fancy to a 
ten-acre private lake on a large estate 
in Long Ridge, Conn., conducted a 
running riparian battle with the owners 
to make it bigger—dam after dam 
after damn dam. Next, out near Dela- 
ware, Ohio, a slightly less amphibious 
shorthorn, weighing 1,100 lb, appar- 
ently became so desperate for a drink 
that she plunged right into a 7-ft well 
and had to be floated out on water fire- 
hosed in. And at Mt. Clemens, Mich., 
a parched pooch went to similar ex- 
tremes when he clambered up a bird 
bath for a drink but got a bath in- 
stead, as base, pedestal, tray, silver 
ball, and he, all ended up in a humid 
heap. At Cleveland, meanwhile, a 
chicken, who had hatched a brood of 
nine ducklings, made a pathetic splash 
in the headlines by wading in after her 
kiddies and trying to keep them some- 
how moored to her apron strings. And 


at Louisville, Ky., a flock of 40 ducks 
have made their home on the air- 
conditioning water pool atop the Sears 
Roebuck store—welcome, too, for their 
contributions to algae control. 

Re those rats and hippopotami, 
though, we are, we must admit, a little 
less enthusiastic. For instance, we’ve 
just learned that the desert rat can get 
along—even in all the heat and aridity 
of Death Valley—‘‘on dry food and no 
water at all,” despite the fact that its 
body has about the same water content 
(65 per cent) as that of other [more 
cooperative] animals. Secret of this 
accomplishment | which we hope it will 
keep] lies in its ability to make its own 
water internally in the oxidation of its 
food. And once made, the water is 
almost unbelievably conserved by a 
most efficient kidney and by the kidney 
keeper’s avoidance of the rigors of day- 
time exposure. Since that kidney is 
good enough to permit the beast even 
to drink salt water to maintain its wa- 
ter balance, it should be quite obvious 
why it has no use for us—and vice, 
believe us, versa! Bigger, of course, 
has been the hippopotamusical problem 
faced by the water supply authorities 
of Mombasa, East Africa, who have 
thus far been unable to use their best 
source of supply on Mzima Springs, 
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because it is the “ancestral pool” of the 
local hippopotami. All efforts to evict 
them have been met by public protest, 
supporting the case of “the monstrous 
beasts dancing their eternal ballet down 
in the clear depths of that beautiful 
pool attended by their clouds of fishlike 
blue butterflies.” 

Inasmuch as the combination of but- 
terflies and kidney action has reminded 
us of something all too human, we'll 
take leave of our essays in zoohydrol- 
ogy forthwith with a noncommital re- 
port that Washington, D.C., has 75 
horsetroughs, New York has 37, and 
Detroit, the motor city, 24. 


Corrosion curricula will soon ap- 
pear at three universities, thus raising 
rustication to honorable status. At 
A&M College of Texas, College Sta- 
tion, a corrosion short course will be 
held Sept. 22-25. At the Univ. of 
Oklahoma, a Corrosion Conference will 
be held Dec. 1-4. Finally, at the Univ. 
of Illinois, Urbana, short courses in 
cathodic protection will be given Oct. 
12-16, and will include lectures, field 
trips, and laboratory demonstrations. 
All three activities are being cospon- 
sored by the National Assn. of Corro- 
sion Engineers or its local sections. 

- 


(Continued on page 36 P&R) 


Correspondence courses for water 
and sewage plant operators are being 
inaugurated by the General Extension 
Div. of the Univ. of Florida’s College 
of Engineering. The first course, 
“Basic Mathematics for Water and 
Sewage Plant Operators” is now ready 
for students, who should communicate 
with the General Extension Div., Univ. 
of Florida, Gainesville, Fla., for infor- 
mation. Additional courses are being 
prepared on Basic Science, Plant Op- 
eration and Control, and Equipment 
Operation and Maintenance. 


A symposium on solar energy utili- 
zation, other than agricultural, is to be 
held at the University of Wisconsin 
Sept. 12-14 and will include discussion 
of sea water evaporation; solar heating 
for houses, water, and cooking; and 
other matters. 


Splashings are what “you’re bound 
to get if your work involves water or 
sewage” in Kansas—or anywhere else 
for that matter, but then it would be 
splashings rather than Splashings, for 
the latter is the new mimeographed 
news-letter prepared and distributed by 
the Kansas State Board of Health to 
all water works and sewage works men 
in the state. In greeting Issue No. 1, 
July 1953, we owe a bow, too, not only 
to similar publications in other states, 
but to the state departments of health 
generally for keeping water works men, 
locally, interested, acquainted, and in- 
formed. Bob Millar, AWWA Kansas 
Section Chairman, is credited with sir- 
ing the new quarterly and Herman 
Janzen, sanitary engineer with the 
hoard, appears to have been either 
mother or midwife. Meanwhile, at 
first splash, the infant seems to have 
gotten something on almost everybody 


in Kansas. 
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No Need to Compromise 


on Water Quality 


Give them the best. And the 
simple, foolproof way to safeguard 
tap water against taste and odor 
pollution is the use of Aqua Nuchar 
Activated Carbon. 


Let one of our Threshold Odor 
Experts show you how. Without 
obligation, he will make a thorough 
threshold odor survey of your plant. 
These surveys frequently point the 
way to reduction of over-all chemi- 
cal costs as well as providing for 
complete taste and odor control 
through better utilization of Aqua 


division west virginia pulp and paper company 


New York Central Building Pure Oil Bidg. Lincoin-Liberty Bidg. 2775 S. Moreland Bivd. 
230 Park Avenue 35 E. Wacker Drive Broad & Chestnut Sts. At Shaker Square 
New York 17, N. Y. Chicago 1, Illinois Philadelphia 7, Pa. Cleveland 20, Ohio 
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= U.S. Pipe & Foundry Co. has 


moved its ee neral offices from Burling- 
ton, N.J., to Birmingham, Ala., at 
3300—I1st Ave., N. Remaining in the 
former General Office Bldg. at Burling- 
ton are the Special Products Div., the 
Research & Development Dept., the 
Quality Control Dept., and the Export 
Sales Office, as well as the Eastern 
Sales, Traffic, and Purchasing Offices. 
The Philadelphia Sales office, mean- 
while, has been consolidated with the 
Kastern Sales Office at Burlington. 
At the new building, the Sloss- 
Sheffield Steel & Iron Div. has been 
consolidated with the parent company 
and will no longer function separately. 
The company announced that the re- 
location of the General Offices to its 
major producing area is expected to 
result in better efficiency of operation. 


(Continued from page 34 P&R) 


Wade Plummer, vice-president and 
general manager of the Butte, Mont., 
Water Co., was stricken and died sud- 
denly on July 12. He was 61 and 
had not seemed to be in ill health. A 
Fuller Award winner and active in 
Association affairs, Plummer had been 
connected with the Butte Water Co. 
since 1919, when he returned from 
overseas service with the Marine 
Corps. 


W. A. Bandy, chief water works 
instructor for the Texas Engineering 
Extension Service of Texas A&M Col- 
lege, died on June 3 at El Paso, after 
suffering a heart attack. He was 66. 
Over 1,000 water works-men in Texas 
are said to owe their operator’s licenses 
to his activities in teaching and course 
administration. 


(Continued on page 38 P&R) 


but in lowest yearly cost. 


and durability. 


WHY USE JOHNSON WELL SCREENS? 


1. Less drawdown. 


2. Greater specific 


3. Lowest pumping cost per 
million gallons of water. 


True economy is measured not by first cost alone, 
The JOHNSON WELL 
SCREEN combines an unmatched record of ex- 
perience and dependability with greatest strength 
It is the finest and most truly 
economical well screen in the world. 


EDWARD E. JOHNSON, INC. 


~ well screen specialists since 1904 ~ 
St. Paul 14, Minn. 
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IT’S SIMPLEX— 


measuring and controlling 


IT’S ACCURATE equipment 


VENTURI TUBES for accurate meas- 
urement of hot or cold water, 


gases, air, sewage, sludge or trade cord essential data on rate of 
wastes under a wide range of flow, loss of head and sand ex- 


pressures. Available in many pansion. Furnished for operating — 
sizes and designs—in cast-iron, table or floor stand mounting. 


cast steel or steel plate, bronze or 
combinations to suit your needs. 


e- 


TYPE H METER—Mercury-float 
= type indicating, recording and 
. totalizing unit. Gives +2% 
accuracy at any point over 
flow ranges as wide as 13 to 
1. Evenly spaced gradations 
make accurate readings easy. 
Available for wall, panel, or 
floor stand mounting. 

FLOW CONTROLLERS 
Maintain constant flow regardless of varia- 
tions in head of filter effluent or wash water. 
Ain INLET VALVES Control within + 3% over 5 to 1 range. Ex- 
t collap clusive, balanced guillotine valves quickly re- 
Preven ith § spond to slightest pressure differential. Stand- 


W ‘ 
walled on ard sizes from 3” to 24”. 


um 
ait PITOT EQUIPMENT 
Leaks and line breaks are quickly located with 

Simplex pitot rods, manometers and record- 

- ial ers. Light-weight, compact design makes them 

p-s truly portable. Invaluable for overall survey 


valves available of distribution system’s efficiericy. 


R00 p.s-1- 


INTERESTING FREE BULLETINS i it LEX 
Write for full details today. 


Simplex Valve & Meter Com- 
any, 6784 Upland Street, Phila- VALVE AND METER COMPANY 


delphia 42, Pa. 


1 
‘ 
on 
« 
lines. Simple, re ia 
control quickly admits aif 
to break vacuum. Avail _ 
able in 4” to 10” sizes. 
| | 
° 
AIR RELEASE VALVES . 
Vent air ac 
eliminate 
high po = 
pumping 
ple, rug _¥ 
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HF. Cronin (left), chief engineer 


London’s Metropolitan Water 
Soard, points out some interesting fea- 
tures of the three-century-old “New” 
River to Ross Dobbin, who had come 
to England to witness the Coronation. 
Although the New River’s course has 
been shortened and the original springs 
it conveyed to London are no longer a 
reliable source of supply, it still brings 
40 mgd (Imp.) of Lee River water to 
the Board’s Stoke Newington Works. 
The channel had been constructed by 
Sir Hugh Myddelton to bring water 
from springs in Hertfordshire to Lon- 
don, and was originally 40 miles long. 
Completed in 1613, it had taken 10 
years to build. 

Ross Dobbin’s presence at the 
Queen’s coronation marks a gain in 
prestige and official recognition of en- 
gineering (which he represented in his 
position of president of the Engineer- 
ing Institute of Canada), as this is the 
first time that engineers were included 
among the “learned professions” rec- 


(Continued on page 40 P&R) 


} Tradition and Technology in England 


ognized by royal protocol. The reverse 
side of the coin is represented by the 
awarding of honorary membership in 
the Engineering Institute of Canada to 
the Duke of Edinburgh, in recognition 
of the very great interest shown by 
His Royal Highness in science and 
engineering. 


Canadian wet water is at last on a 
par with Canada Dry water, having 
finally earned the rating of “goods” in 
the latest amendment the Excise 
Tax Act. What this means is that 
water works chemicals can now be 
obtained by municipal water works 
plants without payment of sales tax, 
upon certification that they “are to be 
consumed or expended directly in the 
process of manufacture or production 
of goods.” No goods yet—or again— 
are the effluents of sewage treatment 
plants ; thus for sewage treatment chem- 
icals the sales tax must be paid. For 
a superintendent of both goods and 
bads, that could get complicated. 


of 


> 
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DE LAVAL bring a new high ee. 
in water supply — 


CENTRIFUGAL 


With the addition of a new De Laval terations or interruptions of service. 


20 mgd centrifugal pump at the 
Mahoning Valley Sanitary District 
in Ohio, the station now has a 
pumping capacity of 60 mgd plus 
stand-by. This pumping capacity 
provides for the future program 
requirements of the water treat- 
ment plant. 

Vitally important is the fact that 
the additional facilities were in- 
stalled without major building al- 


The story of De Laval Centrifugal 


Pumps is one of nation-wide sig- 
nificance, for De Laval units have 
been serving the districts, large 
cities and small towns of America 
for more than half a century. Effi- 
cient De Laval Centrifugal Pumps 
for water works service are avail- 
able in capacities from 100 thou- 
sand gallons per day to more than 
100 million gallons per day. 


DE LAVAL 


DE LAVAL 
892 Nottingham Way, Trenton 2, New Jersey 


i? Centrifugal Pumps 

STEAM TURBINE COMPANY 

DLISTA e 


J 
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The great upbubblements that 
plagued sewage treatment plants when 
synthetic detergents were first used in 
quantity would have been as nothing 
compared with that at New Hartford, 
Conn., last month if the trailer truck 
that crashed through a retaining wall 
there had rolled just a few more feet 
to deposit its 800 cases of beer in the 
city reservoir. New Hartford could 
certainly have claimed the only distri- 
bution system in which there was gain 
of head; even without soap the water 
would have been good and sudsy; and 
the water company could undoubtedly 
have billed the brewer regular space 
rates for the advertising thereby dis- 
tributed. Only worry would have been 
an adulteration charge by the Food and 
Drug Administration which frowns on 
the cutting of products sold by weight 


(Continued on page 42 P&R) 
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or volume to the extent that a res- 
taurateur was recently fined $25 for 
watering his coffee. Of course, that 
happened in Germany ; and, of course, 
the Superior Court at Karlsruhe lifted 
the fine on appeal; and, of course, the 
beer didn’t quite reach the reservoir 
anyway. But there'll come a day! 


Moore F. Floyd has been appointed 
sales representative in the Texas area 
for Reilly Tar & Chemical Co., re- 
placing Charles L. Slover. He will be 
stationed at Dallas, Tex. 


A. H. Honeck has been appointed 
district manager in Ohio and northern 
Kentucky for Graver Water Condi- 
tioning Co., and will maintain offices 
Cleveland, and 


at 1103 Citizens Bldg., 
3427 Corrine Ave., Cincinnati. 


par? 


ths 2 Gre 


For Public Water Fluoridation 


Sodium Silicofluoride—98% 


(Dense Powder) 


Fluoride—97% 


(Dense Powder or Granular) 
White or tinted blue 

Minimum of dust in handling | 

Minimum of storage space _ 


a Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 


"TAKE YOUR CHOICE 


REDWOOD 
WEDGES 


TRENCH 
POURED 


BELL & SPIGOT 
Or 

PRECALKED 

Or BOLTITE 


Select any of these three types of joint when you ordet 
McWane-Pacific Super-DeLavaud Cast Iron Pipe, 18-foot 
laying lengths. All three types of joint are tried and tested 
through years of service. 

The two joints illustrated above (Precalked and Boltite) 
are available in all sizes of McWane-Pacific Super DeLavaud 
pipe. Precalked Joint has all of the joint materials (lifelong 
redwood wedges and pure virgin lead) placed in the bell at 
our foundries. All you do is “socket and calk it.” 

Boltite is a bolted, flexible joint, designed on the stuffing 
box principle. The thick gasket is compressed by the bolted 
gland until the joint is bottle-tight. 

McWane-Pacific pipe also is available in 2-inch and 
214-inch diameters, 18-foot laying lengths. Write or wire— 


= 
= 


McWANE Cast Iron Pipe Company PACIFIC STATES Cast Iron Pipe Co. 
Birmingham, Ala. Provo, .Utah 
Pipe Sizes 2” thru 12” Pipe Sizes 2” thru 24” 
Sales Offices 
Provo, Utah...... pbien .. P. O. Box 18 
Chicago 1, Ill... ..333 North Michigan Ave. poy 


New York 4, N. Y. 80 Broad Street 4, Cal. St. 
ortland 4, Oreg... 501 Portland Trust Bldg. 
Kansas City 6, Mo.. 1006 Grand Avenue Salt Lake City ..... Waterworks Equip’t Co. 


Dallas 4, Texas 3200 Maple Avenue Seattle, Wash. .... 1806 Smith Tower Bidg. 
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Lack of weather, rather than 
weather itself, is what people are talk- 
ing about these days. With no rain, 
variously, for weeks, for months, for 
years, much of the nation has had its 
tongue hanging out further than ever 
Through lowered pressures, 
lawn sprinkling restrictions, water 
waste penalties, crop failures, dust 
storms, forest fires, and a multitude of 
other discomforts and disasters, more 
and more people have been learning 
the hard way all about the wonders of 
water. And if the direst of our weather 
prophets are even close to correct in 
estimating the duration of the present 
cycle of increasing heat and drydom at 
several centuries, there ought to be 
time for even the most unfortunate 
among us to swing at least one rate 


before. 


increase before it ends. 
It is in the Great Southwest (rap- 


idly becoming the Grate Southwest) 
that the ill wind has been blowing hard- 


est and longest. There, as the years 
have dried by, appreciation has bloomed 
in direct proportion to the withering 
of everything else. At Oklahoma City 
this year practically the only rain has 
been that mustered by a group of news 
photographers assigned to take pic- 
tures to illustrate a drought story. In 
Clovis, N.M., the same sort of frus- 
tration afflicted the local weather man 
when the hail which accompanied the 
first rain in months destroyed his rain 
gage as well as breaking 26 of his 
windows. In Yuma, Ariz., on the 
other hand, not only no rain, but a 
main break that forced shutdown of 
the system for more than a day during 
115-degree temperature served as an 
even ungentler reminder of the impor- 
tance of water supply. But it has been 
Texas that has been most profoundly 
stricken. So profoundly that the Mexi- 
can wetbacks have been coming through 


(Continued on page 44 P&R) ; 


bone dry. So profoundly that Dallas 
and Forth Worth have called a truce 
in their long-time rivalry to get to- 
gether on a contract with rainmaker 
Irving Krick. So profoundly, in fact, 
that the state has begun to contemplate 
investing more than a billion of those 
oily dollars in a series of multicity proj- 
ects to redistribute existing supplies. 
Not lack of weather, really, but of 
what it delivers is what has been caus- 
ing all the trouble. And once a region 
finds that its tap on the free distribu- 
tion system that weather provides is 
inadequate, its only recourse is to get 
a bigger one—by prayer, by pipeline, 
or by precipitation promotion. Water, 
like weather, is still where you find it, 
but as of yet, water is a little easier 
to move. 
Blue Mundy was Ambrose on 
Wednesday, July 15—Ambrose Mundy, 
that is, vice-president and general man- 
ager of the Middlesex Water Co., 
Woodbridge, N.J., whose home was 
picketed that evening by fifteen car- 
loads of men, women, and children 
protesting low pressures in their sec- 
tion of Raritan Township. Some car- 
rying empty water buckets and others 
placards, the pickets paraded back and 
forth in front of Mundy’s dark and 
quiet house, asking “What Do We Do 
in Case of Fire?” and claiming to have 
“No Water!” What was behind the 
demonstration other than a noticeable 
drop in pressure during that day is as 
yet undetermined, but we'd be inclined 
to suspect that the water company 
ought to pass the picketing on to some- 
one else. Be that as it may, this must 
be the first instance in which a water 
utility executive has been thus be- 
labored for such reason. Blue Wednes- 
day, too, for public relations. 
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stands for 


industrial wastes to water purificetion. 
of convenience, of rate of reaction, of yield 


materials handling. 


Generated at i of use with equipme: 


little space. 
Me fulltime supervision or labor required. 
able operating cost. 


THE WELSBACH CORPORATION 


2409 W. Westmoreland Street, Philadelphia 29, Pa. 
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Lester Long 


Lester Long, vice-president in 
charge of sales and secretary of the 
American Cast Iron Pipe Co., retired 
on July 12. In his 38 years of service 
with the company, he held a variety 
of posts, becoming assistant general 
sales manager in 1931 and a member 
of the Board of Directors several times 
in recent years. He is being succeeded 
by A. J. Herrmann, who joined the 
organization in 1914 and was trans- 
ferred from his post as manager of the 
Kansas City sales office last year to 
become assistant general sales manager. 
The latter post has been assumed by 
J. W. MacKay, assistant generals sales 
manager, who was previously assistant 
southern sales manager. 


A. J. Herrmann 


J. W. MacKay 


A. P. Black, head of the Univ. of 
Florida’s Chemistry Dept. and former 
AWWA president, has been elected 
president of the Southern Assn. of 
Science & Industry, a regional organi- 
zation devoted to the study and devel- 
opment of the resources of the South. 


Louis A. Geupel, formerly sanitary 
engineer for the Utilities Div. of 
the Defense Department’s Munitions 
Board, has joined the consulting firm 
of R. Stuart Royer & Assoc., Rich- 
mond, Va. A life member of AWWA, 
Geupel has served with the War Pro- 
duction Board and at one time was 
chief engineer of the Indiana State 
Soard of Health. 


(Continued on page 48 P&R) 
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NORTHROP & COMPANY, INC. 
SPRING VALLEY, N. Y. 


BELL & SPIGOT 
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dicating 


m Tetraphosphote { 


and Sodium Silicofluoride (sole producerof Sodium 
Polyphos), Blockson provides a dependable high & 
purity source of supply for the water works trade... 

SAMPLES AND DATA ON REQUEST. at 


BLOCKSON CHEMICAL COMPANY @ 


t 
45 
codium Fluor! de 
Micofluoride 
prockso® 
sodium Polypho 
water soluble Glassy Sodium phosphate 
standardized composition: specified for all 
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Destined to write 
a new page in 
cast iron pipe’ od 
history 


Everybody knows that cast iron pipe 
has a history of more than 200 years of 
continuous service abroad and over a 
century in more than 45 cities in 
America. A record of economy and 
efficiency unique in engineering annals! 

Yet today’s modernized cast iron 

pressure pipe—centrifugally cast—is 

even more economical, even more efficient. It is tougher, 
stronger, more uniform in controlled quality. Where 
needed and specified, it is lined with cement mortar, 
centrifugally applied, resulting in a tuberculation-proof 
pipe with sustained carrying capacity, thereby reducing 


friction and pumping costs. 


If you want the most efficient and economical pipe 

ever made for water distribution, your new mains will 

be laid with modernized cast iron pipe with either 
mechanical or bell-and-spigot joints. Cast Iron Pipe 
Research Association, Thos. F. Wolfe, Managing Director, 


122 So. Michigan Ave., Chicago 3. 
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= The Q-Check stencilled on pipe ie 
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Cost Iron Pipe Research Association. 
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This cast iron water main, 
uncovered for inspection, is 
in good condition after 
over 110 years of service in 
Mobile, Ala.—one of more 

than 45 cities with century 
old water or gas mains 
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a Water supply proposals undergo- 
ing study by the New Jersey Legisla- 
ture include two mammoth projects, 
one in the north of the state, the other 
in the south. The northern, or Round 
Valley, project would contemplate pro- 
gressive construction of 3 stages, as 
needed, to develop successively the 
South Branch of the Raritan River, the 
Muscenetcong River, and the Delaware 
River. The project is intended to pro- 
vide integrated development for a large 
area, for the legislation permits the 
sale of water in twelve northern coun- 
ties of the state by the developing body, 
which would be the North Jersey Dist. 
Water Supply Commission, endowed 
with new and enlarged powers. At 
present the commission, of which 
Charles H. Capen is chief engineer, 
operates the Wanaque Reservoir sup- 
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ply for a group of cooperating munici- 
palities, including Newark, Elizabeth, 
Bayonne, Kearney, and Montclair. 

The southern project contemplates 
the development of the Wharton tract, 
comprising the Mullica and Wading 
Rivers, by the legislatively authorized 
but as yet inactive South Jersey Dist. 
Water Supply Commission. 


Kenneth A. Steel, formerly service 
engineer with Industrial Chemical Sales 
Div., has formed the firm of K. A. Steel 
Chemicals Inc., with headquarters at 
7450 Stony Island Ave., Chicago 49, III. 


Joseph W. Obreiter has retired as 
town engineer for Bloomfield, N.J., and 
is being succeeded by Merrill B. Huber, 
for the past 20 years assistant town 
engineer. 


(Continued on page 90 PER) 


CYANAMID’S 
SULFATE OF ALUMINA 


BIG REASONS FOR PREFERENCE! 


Waterworks superintendents who depend on Cyanamid’s Sulfate 
of Alumina know these five big reasons for its widespread use: 


1. Uniform, trouble-free feeding 


2. Wide pH range of coagulation 


3. Rapid floc formation 


4. Maximum adsorption of suspended and colloidal impurities 
5. Minimum corrosion of feeding equipment 


Write today for all the details on how these advantages can help you. 


AMERICAN Ganamid 
Heavy Chemicals Department 
30 Rockefeller Plaza, New York 20, N. Y. 
Canada: North American Cyonomid Limited, Toronto ond Montreal 
< 
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We are in our 
new factory— 
specially designed 
to better 
our service 
nd to grow 
with your 


bronze waterworks 


JAMES JONES COMPANY 


321 NORTH TEMPLE CITY BOULEVARD © EL MONTE, CALIF. 
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Pumps: 7 ypes, selection, installation, 
operation, and maintenance. Frank A. 
Kristal & F. A. Annett. McGraw-Hill 
Book Co., New York (2nd ed., 1953) 
373 pp.; $6.50 

The relatively scant general literature 
on pumps receives a welcome addition in 
the form of the second edition of Kristal 
& Annett’s Pumps. Neither too technical 
nor too elementary, the book offers a 
useful orientation and some guidance to 
proper pump selection and use. Besides 
describing the method of operation of 
such pump types as the reciprocating, 
centrifugal (volute and diffuser varie- 
ties), turbine, and rotary, the book dis- 
cusses the characteristic features and 
proper applications of each. Additional 
chapters treat in detail such specialized 
types as the deep well, boiler-feed, sew- 
age, and proportioning pumps. The final 
chapters discuss maintenance, pump 
priming, and other details of operation, 
and there is an extended discussion of the 
determination of economical pipe sizes 
to which pumps should be connected. 


Handbook of Material Trade Names. 

T. Zimmerman & Irvin Lavine. In- 
dustrial Research Service, Masonic Bldq., 
Dover, N.H. (2nd ed., 1953) 794 pp.; $20 

A purchasing agent’s dream, this book 
is an effective cure for the dilemma posed 
by requisitions for “Plasgon” cement or 
“Saran” tubing. Not only does it furnish 
the name and address of the manufac- 
turer, but it also includes a brief descrip- 
tion of the product and its qualities. 
lrue, no list of this sort can be perfect, 
and such items as the U.S. Rubher Com- 
pany’s “Uscolite” and H. N. Hartwell & 


“Boltaron’”—both mentioned in a 
recent JOURNAL paper on materials for 
chemical handling equipment (May 1953, 
p. 473)—will not be found in it. The 
information that is contained, however, 
is full and useful, and the publishers ad- 
vise that periodic supplements will be 
issued to keep it up to date between edi- 
tions. A _ subject classification section 
facilitates selecting substitute materials 
for ones that are unavailable or unsuited 


to specific applications. 
The Industrial Utility of Public Wa- 
ter Supplies in the Middle Pte Om 
States, 1952. FE. W. Lohr, W. F. White, 
N. H. Beamer. Circular Geo- 
logical Survey, Washington 25, D.C. 
(1953) 129 pp.; paperbound ; free 


Son’s 


This next-to-last of nine reports (see 
“Reading Meter” for October and De- 


cember 1952; and January, May, and 
July 1953) describes the public water 
supplies in New Jersey, New York, and 
Pennsylvania. Population served, own- 
ership, sources, treatment, storage facili- 
ties, and chemical analyses of raw and 
finished waters are given for each supply. 


Governments of the United States in 
1952. No. 31, State and Local Govern 
ment Special Studies. Bureau of the 
Census, U.S. Dept. of Commerce (1953) 
49 pp.; paperbound; 30¢ from Govern- 
ment Printing Office, Washington 25, 
D.C. 

An analysis of the number of various 
types of local government units in the 
United States, together with some brief 
comments on trends in special districts 
and authorities. 


ontinued on page 52 P& 
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A JOINT THAT KEEPS ITS HEAD 
...under STRESS and VIBRATION 


Long after you backfill the trench, water pipe joints poured with 
ATLAS MINERALEAD® provide leak-free performance without main- 
tenance . . . protected by a bond permanently able to withstand stress, 
vibration and deflection. 

This plasticized, sulfur base compound flows freely . . . handles 
easily . . . seals to a leakproof bond without caulking. In addition, ATLAS 
MINERALEAD melts without bubbling or frothing or settling out in the 
melting pot. Both time and material are saved at every step of the jointing 
procedure .. . as proven by over a quarter of a century of usage. 

YOU SHOULD HAVE THE FACTS. Write now for Bulletin 
M10-1A on MINERALEAD. 


OTHER ATLAS PIPE JOINTING MATERIALS 'TLA 
For Cast Woter Pipe: HYDRORINGS®). 


For sewers: JC-60®, GK®, SLIPJOINT GK®. 


MPANY 


@ permanent bond MERTZTOWN, PENNSYLVANIA 


Engineering Representatives throughout the United States 


~ 
Lan 
. . . 
MINERAL 
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Pretreatment Specifications. Steel 
Structures Painting Council, 4400—5th 
Ave., Pittsburgh 13, Pa. (1953) 11 pp.; 
paperbound ; 60¢ (40¢ to AWWA mem- 
bers) 

The four specifications in this series 
were prepared by a research committee 
composed of representatives of 21 organi- 
zations, including AWWA, and were ap- 
proved by the Council as tentative on 
Mar. 26, 1953. Each specification is 
printed as a separate booklet, and a folder 
is provided to house the group. The 
individual specifications are for: 1. Wet- 
ting Oil Treatment; 2. Cold Phosphate 
Surface Treatment; 3. Basic Zinc Chro- 
mate-Vinyl Butyral Washcoat; and 4. 
Hot Phosphate Surface Treatment. 


Ground-Water Resources of the 
Rapid Valley Unit, Cheyenne Division, 
South Dakota. A. J. Rosier. With a 
section on the surface waters of rapid 
valley, by L. J. Snell. Circular 201, 
Geological Survey, Washington 25, D.C. 
(1953) 32 pp., maps; paperbound; free 

This local study of a watershed in 
Pennsington County, S.D., is intended as 
a part of the Geological Survey’s pro- 
gram for the development of the Mis- 
souri River basin. The area is of in- 
terest because high ground water levels 
have caused much of the irrigated area 
to be waterlogged. It is found that the 
leakage from irrigation ditches is re- 
sponsible. Lining of canals and installa- 
tion of drains are suggested remedies. 


Animal Glue in Industry. National 
Assn. of Glue Manufacturers, Inc., 55 W. 
42nd St., New York 18, N.Y. (1951) 
101 pp.; free 

This monograph reaches us late, as 
from its title it seemed an unlikely source 
of information for readers of the Jour- 
NAL, but it does contain a brief section 
on the use of colloidal animal glue in 
flocculation and clarification of both raw 


water and industrial wastes. Either 
alone or as a supplement to alum, the 
glue is said to be efficient and economical, 
forming tough, heavy flocs that settle rap- 
idly. It is also claimed to be adaptable 
to flotation methods. 


The Fluoridation of Domestic Water 
Supplies in North America as a Means 
of Controlling Dental Caries. Report 
of the United Kingdom Mission, Febru- 
ary-April, 1952. Ministry of Health; 
Dept. of Health for Scotland; Ministry 
of Housing and Local Govt. (1953) 101 
pp.; paperbound; 5 s. (approx. $0.70 
U.S.) from Her Majesty's Stationery Of- 
fice, York House, Kingsway, London, 
W.C. 2, England 

This carefully documented report of an 
official fact-finding mission of the British 
government surveys its findings and 
states its conclusion in about 20 pages of 
concise and readable text, relegating de- 
tailed findings to fifteen sections of ap- 
pendix that take up four times as much 
space. The verdict is clearly and un- 
equivocally in favor of fluoridation, and 
the report recommends that fluoridation 
be instituted at several selected communi- 
ties in the United Kingdom which could 
serve as study centers or pilot projects. 


The Government Corporation: Ele- 
ments of a Model Charter. Sidney D. 
Goldberg & Harold Seidman. Public 
Administration Service, 1313 E. 60th St., 
Chicago 37, Ill. (1953) 83 pp.; paper- 
bound ; $2.50 

The genesis of this pamphlet was a re- 
port developed in 1947 for the use of the 
Bureau of the Budget in its dealings with 
government corporations. As it deals 
with instrumentalities of the federal gov- 
ernment, its applicability to those of gov- 
ernment subdivisions is of course limited. 
The charter provisions and explanatory 
comments are unusually clear for a quasi- 
legal document. 
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View at right shows cutaway section to illustrate 
construction and arrangement of interior working 
parts of M & H Gate Valve. 


M & H Double-Disc Gate Valves Class “*C”’ 
meet the latest specification of American 
Water Works Association. The iron body 
is heavily proportioned. Bonnet flanges are 
unusually strong. Body is designed witl 
suitable guides to hold discs in alignment 
Bronze seat rings are exceptionally heavy 
The discs are seated or released by three- 
point action of the bronze spreaders, each 
operating independently of the other. There 
is no sliding or grinding between disc rings 
and body rings. Either of the two discs may 
be used on the down stream side of the 
valve. Discs are interchangeable, and so are 
the spreaders. For additional information, 
write or wire M & H VALVE AND 
FITTINGS COMPANY, ANNISTON, 
ALABAMA. 


‘as FOR WATER WORKS ¢ FILTER PLANTS 
& H PRO INDUSTRY ©* SEWAGE DISPOSAL AND 
FIRE PRO N 


“ADVANTAGES 
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2 Reinhold Books of Special 


Interest to Municipal Engi- 
neers and Sanitation Supervisors... 


water treatment 


| for industrial and 


other uses 


By ESKEL NORDELL 


A practical and up-to- 


date reference work on 

the conditioning and 
treatment of water supplies for industrial and 
domestic uses. Extensive tables of conver- 
sion factors and other valuable tabular data 
make this by far the most complete book on 
the subject ever published. The author has 
spent over 32 years in the water-treatment 
field and actually worked in such industries 
as: ceramics, plastics, rubber, dairy, textile, 
oil and gas, brewing, pulp and paper, laundry, 
municipal, engineering, etc.—all are fully 
covered in this book, 


1951 525 pages numerous tables $12.00 


industrial wastes 


their disposal and 
treatment 


Edited by 
WILLEM RUDOLFS 


ACS Monograph #118 


Written by a group of 

18 experts with long 
experience in the treatment of industrial 
waste materials, this monograph offers a 
thorough and up-to-the minute study of the 
disposal problems of such industries as meat 
pecking, pulp and paper, coal, atomic 
energy, etc. The physical, chemical and bio- 
logical aspects of each type of problem are 
developed in detail. Will prove of immense 
value to chemists and engineers concerned 
with specific waste problems, to. municipal 
officials charged with control of pollution, 
and to consulting engineers in the design of 
waste-treatment plants. 


1953 450 pages 


Send for your on-approval copies today 


REINHOLD PUBLISHING CORPORATION 


330 West 42nd Street Dept.557 New York 36, N.Y. 


$9.50 
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Water Quality Criteria. Pub. 3, 
State Water Pollution Control Board, 305 
Financial Bldg., 927—10th St., Sacra- 
mento 14, Calif. (1952) 512 pp.; paper- 
bound ; $3 

This unusually thoroughgoing report 
was designed to aid enforcement of Cali- 
fornia’s Water Pollution Control Act of 
1949, which requires case-by-case evalua- 
tion instead of the application of regional 
or basin-wide standards or zones. As a 
result, the report has far more than the 
limited value that might be expected if 
it dealt only with certain variables within 
a more rigidly defined frame of reference. 
Prepared under the direction of Jack E. 
McKee, associate professor of sanitary 
engineering at California Inst. of Tech- 
nology, the report devotes a chapter to 
the various mechanisms involved in pol- 
lution and self-purification, another to a 
survey of water quality criteria adopted 
by other agencies, a third to what is 
called “judicial expression” on the sub- 
ject, and a fourth to a discussion of qual- 
ity criteria applicable to the major bene- 
ficial uses, ranging from domestic water 
supply through shellfish culture to water 
power and navigation. The great bulk 
of the report, however, is devoted to a 
discussion of the available information on 
potential pollutants—their sources, hygi- 
enic significance, and toxicity in various 
concentrations. ‘The literature review for 
this section alone was exhaustive, and the 
bibliography of the report as a whole runs 
for 54 pages and numbers 1,369 items. 
The final result may certainly be de- 
scribed as a major contribution to the 
literature and activity of pollution control. 


Water Resources of the Rochester 
Area, New York. /. G. Grossman & 
L. B. Yarger. Circular 246, Geological 
Survey, Washington 25, D.C. (1953) 30 
pp., maps; paperbound ; free 

Data are given on hydrologic charac- 
teristics of the area, surface and ground 
waters, and public water supplies. 


treaime 


JOURNA 


Mobile 
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Part of the new water supply proj- 
ect completed last year in Mobile, 
Alabama, included the installation 
of sixteen miles of concrete pres- 
sure pipe. Nine miles of 60-inch 
and seven miles of 48-inch pipe 
were laid to carry the 45,000,000 
gallons of water Mobile uses in an 
average day. 

Mobile engineers selected con- 


crete pressure pipe because it is 
economical to install and maintain 


. . it will carry water for genera- 
tions without reduction in carrying 
capacity due to tuberculation or 
corrosion ... and it is immune to 
rupture or blow-out. 


Concrete pressure pipe offers 
these same advantages for the wa- 
ter systems of any size community. 
It is available in a wide range of 
diameters and can be installed to 
fit individual requirements. Let us 
show you how concrete pressure 
pipe can bring your community 
“water for generations to come.” 


4 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 


228 North LaSalle Street 
Chicago 1, Illinois 


— 
— 
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The Wet Well Pump Room in the central control building basement, 
showing Darling fully revolving double disc gate and check valves installed. 


DARLING VALVES in Bethlehem’s | 
$5,000,000 sewage treatment plant | a 


HIS new Sewage Authority 
waa plant, with maximum 
capacity of 25,000,000 gallons a day, 
handles the sewage load from 128 


miles of Bethlehem, Pa's sewer system. 


Unique Valve Principle—Darling 
gate valves, in the “heart of the plant’, 
are closer to being trouble- proof 
than any you have ever run across. 
Darling's fully revolving double disc, 
parallel seat feature compensates 
automatically for valve body distor- 


tion, Tight closure is assured every 


time. In addition, wear on parts is 
less... and is uniformly distributed. 
Darlings last longer, require less 


attention and maintenance. 


Valves For Every Need. In water 
and sewage plants everywhere Dar- 
ling revolving double disc parallel 
seat gate valves are setting records 
for low-cost service. They are avail- 
able in a wide range of sizes for all 
normal and unusual service . . . for 
pressures up to 1500 pounds. Write 


for all the facts to. . 


Williamsport 23, Pa. 


Rugged simplicity is the secret of better 
operation of the Darling revolving disc 
principle. Just four sturdy working 
parts... two plain interchangeable no- 
pocket discs and two husky wedges...do 
all the work. With this foolproof assembly 
of internal parts, maintenance is easy. 


DARLING VALVE & MANUFACTURING CO. 


"es d Manufactured in Canada by The Canada Valve & Hydrant Co., Ltd., Brantford 7, Ont. 
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Professional 


Sewices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
Planning Reports 
Laboratory 


City Valuations 


121 S. Broad St. Philadelphia 7, Pa. 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 


Investigations and Reports 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewerage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BLACK LABORATORIES, INC. 


Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—-TREATMENT 
CONTROL— RESEARCH 


700 S. B. 3rd St. Gainesville, Fla. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 


Louts E. Ropert Norris 
Georce E. Lewis Donatp C. May 
art B. MAYNARD Homer J. Haywarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


CARL A. BAYS & 
ASSOCIATES, INC. 


Geologists —Engineers —Geophysicists 
Industrial Consultants 


Office and Laboratory—308 N. Orchard St. 
Mail Address—P.O. Box 189 
Urbana, Illinois 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 
Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 


A. LincoLn 


Ivan L, 
RoBerT 


Curnton L. Bocert 
Donavp M. Dirrmars 
Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Avenue New York 22, N. Y. 


Bowe, Albertson & Associates 
Engineers 


Ag Water and Sewage Works 

Industrial Wastes— Refuse 

= Disposal—M unicipal Projects 

Airfields—Industrial Buildings 
-Designs—-Estimates 
Valuations—La oratory Servic 


110 William St. New York 38, N.Y. 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Suprty—Sewace Disposar— 

HypravuLic DEVELOPMENTS 


Reports, Investigations, Valuations, Ratan, 
Design, Construction, Operation, Man 
ment, Chemical and Biological Laueneiaine 


112 B. 19th St., New York 3, N. Y. 
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BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad St. Columbus 15, Ohio 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 

E. R. Cotton E. M. Pierce 

P. B. Streander G. A. Gieseke 
. J. Silverstone 

Water Supply, Water Purification 
Sewerage, Sewage Treatment 

Refuse Disposal 


132 Nassau Street 
New York 38, N.Y. 


P. O. Box 198 
Hyde Park 36, Mass. 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 


Cleveland 14, Ohio 
1404 E. 9th St. 


Kansas City 2, Mo. 
P.O. Box 7088 


DE LEUW, CATHER & COMPANY 


Sewerage 
Highways 


Water Supply 
Railroads 


Grade Separations—Bridges—Subways 
al Transportation 

Investigations—Reports—A ppraisals 

Plans and Supervision of Construction 


150 N. “yaad Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


JAMES M. CAIRD 


Established 1898 
E. Currton, H. A. Bennerr 
i Chemist and Bacteriologist 
WATER ANALYSIS 


TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


FAY, SPOFFORD & THORNDIKE 


Engineers 
Charles M. Spofford Ralph W 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water Supply and Distribution — Drainage —Sewerage 
and Sewage Treatment — Airports — Bridges —Turnpikes 


Horne 


Investigations Reports Designs Valuations 
Supervision of Construction 


Boston New York 


FINKBEINER, PETTIS & STROUT 


Cuar.es E. Pertis 


CaRLETON 8S. FINKBEINER 
Haroitp K 


Consulting Engineers 


Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates— Management 
Laboratory—City Planning 


210 E. Park Way 
Pittsburgh 12, Penna. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply Sewerage 
Flood Control & Drainage—Bridges 
Ornamental! Street Lighting— Paving 

Light & Power Plante—Appraisals 


331 B. Ohio Se. Chicago 11 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


i 


2111 C and I Life Bidg. 
Houston 2, Texas 


CH-1624 


FULBRIGHT LABORATORIES, Inc. 


Consultants 
Chemists and Chemical Engineers 
a Industrial Water and Waste 
Surveys 


Tel. 5-5726 
Charlotte, N. C. 
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GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 

Water Works—Sewe 
Industrial Wastes—Garbage Disposal 
Roads—Airports—Bridges—Flood Control 
Town Planning—Appraisals 
Investigations & Reports 


Philadelphia, Pa. 


Harrisburg, Pa. 
Daytona Beach, Fla. 


Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 
Reading, Pa. 
New York ’ 
Washington 


GLACE & GLACE 


Consulting Sanitary Engineers 


Philadelphia 
Staunton, Va. 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and 
Supervision of Operation 


1001 North Front St., Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


WILLIAM F. GUYTON 


Consulting Ground-Water Hydrologist 


Underground Water Supplies 


Investigations, Reports, Advice 


307 W. 12th St. Austin 1, Texas 
Tel. 7-7165 


HAVENS & EMERSON 


Pag L. Havens C. A. Emerson 
Burcer F. C. Torres F. W. Jones 
w ‘Leach H. H. Moserey J. W. Avery 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations—-Laboratories 
Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


HAZEN AND SAWYER 
Engineers 
Ricnarp Hazen Aurrep W. SaAwYER 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 


Investigations, Design, 
Supervision of Construction and Operation 
110 East 42nd Street New York 17, N.Y. 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner V. C. Lischer 
H. Shifrin E. E. Bloss 
Water Supply—Airports—Hydraulic Engineer- 
ing — Sewerage — Sewage Treatment — Munici- 
pal Engineering—Reports 


Shell Building St. Louis 3, Mo. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Bivd. 
Chicago 4, Ill. 
and Principal Mfg. Centers 


THE JENNINGS-LAWRENCE CO. 


Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


K. AUSTIN JEWELL 


Consulting Industrial Hydraulic Engineers 
ewell 
WATER rh 
PURIFICATION TRE ATMENT 
WORKS for WORKS 
MINES, MILLS and PLANTS 
also 
Transmission, Hydropower, Distribution, Drainage 
Plans, Specifications, Reports, Investigations 


2125 1/2 Ridge Avenue Evanston, Illinois 


ROBERT M. JOHNSTON 
AND ASSOCIATES 


Consulting Chemists — Bacteriologists 


Analyses— Water, Sewage, Industrial Waste 
Research Litigations 
915-17 N. Second St. Harrisburg, Pa. 
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PROFESSIONAL SERVICES 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. 


Toledo 4, Ohio 


MORRIS KNOWLES INC. 


Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


— 


LEGGETTE & BRASHEARS 


Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 


Reports 


New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 
Water, Sewage, Drainage and 


Industrial Waste Problems. 


Transportation 
New York 6, N.Y. 


Structures Power 


51 Broadway 

MALCOLM PIRNIE ENGINEERS | 

Civil & Sanitary Engineers 


Ernest W. Wuiriock 
Ropert D. Cari A. ARENANDER 
Pirnte, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 36, N. Y. 


THE PITOMETER COMPANY 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


METCALF & EDDY 
Engineers 


Water, Sewage. Drainage, Refuse 
and Industrial Wastes Problems 
Airfields Valuations 


ton 16 


NUSSBAUMER, CLARKE & VELZY 


Consulting Engineers 


NusSSBAUMER IRVING CLARKE 
Raymomp H. Murray 


Newe L 
Cuarves R. Veuzy 
Water Supply and Treatment 
Sewage and Industrial Waste Treatment 
Garbage Incineration 
Appraisals and Rate Studies 
327 Franklin Street Buffalo 2, N.Y. 
500 Fifth Avenue New York 36, N.Y. : 


THE H. C. NUTTING COMPANY 


Engineers 
WATER WASTE SURVEYS 
Water Distribution Studies 
Trunk Main Surveys 
Meter and Fire Flow Test 


4120 Airport Road Cincinnati 26, Ohio 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 


Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th St. New York 55, N.Y. 


RIPPLE & HOWE 


Consulting Engineers 
O. J. B. V. 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants 
Refuse Disposal, Airports 


833-35—23rd St., Denver 5, Colo. 
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NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 


Reports : 
Advisory Service 


1010 Dennis Ave. Houston 2, Tex, 


RUSSELL & AXON 


Consulting Engineers 


Civil—Sanitary—Structural = 
Industrial— Electrical 
Rate Investigations 
408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


STANLEY ENGINEERING 
COMPANY 


Waterworks—-Sewerage 
Drainage—Flood Control 
Airports—Electric 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 


(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


209 S. High St. Columbus, Ohio 


EDWARD J. SCHAEFER 
Consulting Ground-Water Hydrologist 
Investigations, Reports, Advice 

on 


Underground Water-Supply Problems 


607 Glenmont Ave. 
Columbus 14, Ohio 


Telephone 
Ludlow 3316 


Consulting Engineers 
Marion C. Welch, Associate Engineer 
Water Purification & Distribution—Sewerage & 
Sewage Disposal—Dams, Reservoirs & Area 
Drainage— Valuations & Reports—Oil & Indus- 
trial Wastes — Garbage Incineration — Swim- 
ming Pools 
Frank 8. Whitney Principal Engineer 
Tri-State Airport Huntington, W. Va. 
“THE SHERRILL ENGINEERS" 
1412 Bardstown Road Louisville 4, Ky. 


MILES O. SHERRILL 


J.S. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 

Branch Office 
901 Hoffman Building Louisville, Kentucky 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


SMITH AND GILLESPIE 


Consulting Engineers 
Water Supply and Treatment Plants; 
Sewerage, Sewage Treatment; Utilities; 
Zoning; Reports, Designs, Supervision of 


Construction and Operation; Appraisals. 


P.O. Box 1048 Jacksonville, Fla. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 
Investigations, Designs, Estimates, 
Reports and Supervision, Valuations 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WHITMAN, REQUARDT 
& ASSOCIATES 


Consultants 
Civil—Sanitary —Structural 
Mechanical —Electrical 
Reports, Plans 
Supervision, Appraisals 
1304 St. Paul St. Baltimore 2, Md. 


Engineers 
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Condensation 


CONDENSATION 


Vol. 45, No.9 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr.—Corrosion; [M—lInstitute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


SWIMMING POOLS 


A Study of Bathing-Water Quality on the 
Chicago Lake Front and Its Relation to 
Health of Bathers. R. S. Smitn, T. D. 
A. H. Stevenson. Bathing Wa 
ter Quality and Health. I. Great Lakes. 
Environmental Health Center, USPHS, Cin 
cinnati, Ohio (’51). This study of possible 
relationship between illness occurring among 
bathers and natural bathing-water quality 
was undertaken as one of major objectives 
of tristate survey of L. Michigan waters 
conducted during summer of ’48. Entire 
project was cooperative one between federal, 
state, and local health agencies to determine 
sanitary qual. of shore water with particular 
reference to bact. qual. of water at public 
bathing beaches. Epidemiological studies in 
2 areas and determination of bathing-water 
qual. at adjacent beaches in this study were 
confined to Cook County area. These studies 
had 2 principal objectives: [1] to obtain 
dependable data on relationship between bath 
ing-water quality and illness among bathers, 
which eventually might lead to possibility of 
delineating acceptable limits of qual. for 
natural bathing waters (it was realized that 
before final goal could be reached, series of 
similar studies would be required in other 
areas where waters of different qual. and 
type could be found); and [2] to develop 
and test methods for gathering reliable data 
on minor illness and activities from large 
population at minimum cost. It con- 
cluded that: [1] bathing in L. Michigan 
shore waters with median coliform density of 
180 per 100 ml presents no general hazard 
to public health; [2] further studies are 
necessary to determine ranges of water qual. 
which may be correlated with definite illness 
hazards to bathers; [3] bathing-water qual. 
evaluation must be based upon adequate sam 
pling and bact. examn. to obtain understanding 
of fluctuations in water qual. as well as avg 
qual. of water over period of time; [4] use 


Was 


of household record maintained on calendar 
form was highly satisfactory for this type ot 
study ; [5] interest of participating population 
groups was excellent as indicated by return 
of 78 per cent of completed calendar forms 
at end of survey; and [6] method of statisti- 
cal analysis based on comparison of illness 
experienced within 1 week following swim 
ming on days of markedly varying bact. qual. 
of water appears to be most satisfactory from 
standpoint of indicating possible effects of 
water qual. on health.—P?H/EA 


Acceptable Standards for Natural Waters 
Used for Bathing. C. R. Cox. Proc. 
ASCE, 77: 7 (June ’51). It is evident that 
knowledge and technical procedures have not 
reached level sufficient to permit develop 
ment of precise quantitative values to meas- 
ure intrinsic qual. of bathing waters, amd, 
therefore, it is not possible to select definite 
value that would distinguish between 
and unsafe bathing beaches. Under these 
circumstances, precise bacteriological stds. 
cannot be developed, and all available infor- 
mation must be considered in light of prop- 
erly organized and properly conducted sani 
tary surveys of each beach. 
would include results of bact. examn. of 
samples of water. Under these circumstances, 
general administrative guides may be fruitful 
in encouraging uniformity of practice as long 
as they are properly utilized without being 
considered as precise governmental require 
ments. It is hoped that study of selected 
heaches on Ohio River and morbidity among 
bathers utilizing these beaches will furnish 
information needed for more definite de 
lineation of these problems, and also that 
mofe precise analytical methods may be de 
veloped to disclose bact. qual. of bathing 
waters in more definite manner than is now 


possible. PHEA 
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Cocci in 


Bacteria and Gram-Positive 
Swimming-Bath Waters. R. 
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Smith Hydronts deliver more water because 
friction loss within the Hydrant has been reduced 
to the practical minimum. This is achieved ‘by: 
1, Oversize Tapered Standpipe; area is more than 
200% of Valve Opening. 2. Streamlined design 
of Standpipe and Nozzle Outlets. 3. Valve Open- 
ing is free from obstructions. 4. Rigid quality 
control, uniform, smooth castings. Many other 
outstanding features are incorporated in Smith 
Hydrants. Write for details. 


THE A.P. SMITH 


EAST ORANGE. NEW 
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FERRAMOLA & J. ELENA Durteux. Rev. 
Obras San. Nacion [Argentina], 15:140:173 
(51). Investigation involved examn. of 
1,195 samples from 42 swimming pools, some 
receiving water from River Plate. Coliform 
bacilli were isolated by inoculation of water 
sample in MacConkey broth, positive cul- 
tures being confirmed by plating out on 
Levine’s medium. Gram-positive cocci were 
isolated by inoculation of volumes of water 
samples into azide broth, followed by plating 
on blood agar and azide agar plates. Col- 
onies growing on these solid media were 
stained by Gram’s method and tested for 
catalase reaction, to distinguish between 
streptococci and staphylococci. Water sam- 
ples were taken at various times, and bathing 
load and residual chlorine content of water 
were noted at time of sampling. It was 
found that coliform and coccal content of 
samples was higher with high bathing loads 
and low chlorine residuals. It is not stated 


whether chlorine was present as free chlorine 
or combined in chloramines. Coliform ba- 


> 


(Continued on page 66) 


cilli were isolated from 10-ml quants. in 19.3 
per cent of samples, and Gram-positive cocci 
from 60.4 per cent of samples. Both staphy- 
lococci and streptococci were isolated fre- 
quently when test for coliform bacilli was 
negative. All samples from baths filled with 
River Plate water contained coliforms and 
Gram-positive cocci in 10-ml volumes of 
water. Total of 987 strains of streptococci 
isolated and examd., of which 931 could be 
grouped as enterococci according to Sher- 
man’s classification. Staphylococcal strains 
isolated amounted to 1,241, and 95 of these 
proved to be coagulase positive within 6 
hours. Gram-positive cocci were more re- 
sistant than coliform bacilli to chlorination, 
and authors conclude that coliform bacilli 
are not adequate indicators of bact. qual. of 
swimming pool water, but that Gram-positive 
cocci afford much better index.—BH 


The Effect of Available Residual Chlorine 
and Hydrogen Ion Concentration Upon 
the Eyes of Swimmers. E. W. Moon, C. 


Water Softening 
& iron Removal" 
Deluxe 


JUST WHAT YOU'VE 
BEEN WAITING FOR— 


Complete Water 
Softening 
Complete Iron 
Removal* 
Fully Automatic 
Operation 
All in one om 
compact, highly 
efficient water 
conditioning plant 


Low in cost too— 


‘ 


Write for FREE Bulletins 


*Including H:S removal 
when required 


NGERFORD & TERRY, INC. 


| CLAYTON 5, NEW JERSEY 
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Armco Welded Steel Pipe is available 
in lengths up to 50 feet. These extra 
feet help you “boot” high installation 
costs because handling and hauling 
is simplified and there are fewer 
joints to make. 

Still another advantage of Armco 
Welded Steel Pipe is the wide range 
of wall thicknesses (%%4- to 14-inch) 
and diameters (6 to 36 inches). This 
makes it easy to meet capacity and 
strength requirements. 

You also get protection against 
costly failures. Armco Pipe has ample 


ARMCO WELDED STEEL PIPE 


Meets A.W.W.A. Specifications 


4 


strength to withstand pressure surges 
and heavy loads without damage. A 
spun enamel lining prevents tubercu- 
lation—assures continued high flow 
capacity. Outside coatings are sup- 
plied to meet A.W.W.A. specifications. 

Save on that next supply line, force 
main or water works piping by doing 
the job with Armco Welded Steel 
Water Pipe. Write for details. Armco 
Drainage & Metal Products, Inc., 
Welded Pipe Sales Division, 2113 
Curtis Street, Middletown, Ohio. Sub- 
sidiary of Armco Steel Corporation. 
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—21-2.5 ppm of free Cl., and pH 8.7. 
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C. Crarke & A. Getpertn. Am. J. Hyg., 
54:144 (’51). This careful study of effect 
of available residual chlorine and of hydrogen 
ion concentration of water on eyes of swim- 
mers was undertaken at Yale Univ. with co- 
operation of university swimming teams. 
Objective observations of eyes were made 
and subjective sensations of swimmers were 
recorded during period of 24 hr after swim- 
ming for about 11 min. General chemical 
and physical state of water was excellent. 
Its effect on eyes was tested under 4 different 
conditions—pH 7.0, total available residual 
chlorine 0.05 ppm and 0.50 ppm; pH 8.0, 
total available residual chlorine 0.05 ppm 
and 0.50 ppm. Results were that slightly 
larger number of sensations of eye irritation 
followed increase of residual chlorine from 
0.05 to 0.50 ppm but that increase in hydro- 
gen ion concentration from pH 8.0 to pH 
7.0 had even greater effect on eyes. Analysis 
of objective data revealed no significant 
changes due to varying conditions of water. 


—BH 


Ozone Sterilization of Swimming Pools. 
F, D. Brown .Munic. Util. (Can.), 90: 
6:60 (June ’52). Installation at Coatbridge, 
Scotland, designed to circulate 150,000 gal 
in 4 hr, consists of basket type strainer with 
quick-release cover, pumps, reagent-propor- 
tioning app., four 8’-diam. vertical pressure 
filters equipped with steam jet ejector for 
agitating sand, steam calorifier, and ozone 
sterilizing equip. and contact chamber. Wa- 
ter withdrawn from deeper part of pool and 
from scum trough. Suction sweeper used to 
remove sediment.—R. E. Thompson 


Irritations of the Eyes Caused by Bathing 
in Swimming Pools. H. L. Suein, L. E. 
TAMMELIN & B, ZetTeERSTROM. Nordisk 
Hyg. Tidskrift, 32:112 (’51). Bathing wa- 
ter with high Mg content (70 ppm), low Ca 
content (4 ppm), and pH 9.5-10 caused 
swelling of conjunctiva and subconjunctival 
hemorrhages in only 1 out of 35 persons, 
although its content of free Cl. was over 
2 ppm. Hemorrhages were found in 4, and 
swelling in 17 out of 42 persons after bathing 
in water with 8 ppm of Mg, 29 ppm of Ca, 
After 
bathing in water with 18 ppm of Mg, 41 ppm 


of Ca, and pH 7, 22 out of 70 persons showed 
hemorrhages, and 8 of them swellings, in 


spite of Cl, content being only 0.25 ppm. 


High Mg, low Ca, and high pH were in- 
sured by filtering water through alkaline 
ion-exchange filter made from dolomite.— 
PHEA 


Investigations Into Swimming-Bath Wa- 
ter Treatment. S. G. Burcess, D. Burns 
& C. W. Tiny. J. Roy. San. Inst., 73:123 
(’53). Purpose of investigation was to as- 
certain how efficiency of some older plants 
for treatment of swimming-pool water could 
be improved at small cost. On investigation 
into cause of loss of free chlorine, it was 
considered that action of sunlight is most 
important factor. It was shown that, when 
water became devoid of free chlorine, bac- 
terial contamination in form of fecal coli 
organisms soon became apparent. To avoid 
this condition, following methods were pro- 
posed to increase chlorine input: [1] injec- 
tion of chlorine solution into suction side of 
pump; [2] adjustment of sulfuric tube of 
some chlorinators ; [3] maintenance of chlori- 
nation during sweeping of pool and washing 
of filters; [4] use of manifolds so that indi- 
vidual chlorine cylinder output is only 1 
lb/hr. Following suggested to insure more 
uniform concentration of chlorine: [1] use 
of suction sweeper lines and scum channels 
for introduction of chlorinated filtered water ;_ 
[2] introduction of subsidiary circulation 
from shallow to deep end. It has been shown ; 
that, owing to increased chlorine input, small 
amounts of nitrogen trichloride are formed 
at point of injection of chlorinator, but that — 
this is rapidly hydrolyzed in pool except 
under conditions of very high chlorine re- 
siduals or heavy bathing load. However, 
above suggestions assist by avoiding high 
concentrations of free chlorine at shallow 
end. It has been shown that high albu 
minoid content is not necessarily associated 
with lack of free chlorine residual, poor 
clarity, or bacteriological impurity. Simple, 
cheap, and effective plant for alkalinity pH 
control is Aerator is useful to 
increase oxygen content to saturation and to 
remove carbon dioxide to some extent. 


PHEA 
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Swimming-Pool Classification Program in 
West Virginia. R. S. JAcosson. Pub. 
Health Rpts., 67:899 (’52). After 2 yr of 


experience in operating swimming-pool clas- 


sification program on trial basis, West Vir- 
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LOSS-OF-WEIGHT RECORDING 
FOR SERIES A-635 


Volumetric feeding with its simplicity, dependability 
and economy can now be supplemented with the following 
benefits of loss-of-weight recording: 


A PERMANENT RECORD OF: 
e Chemical fed during any period 
e Periods of feeder operation 
e Time of hopper loading 


e Quantity of chemical added at h loading» 


PLUS THE CONVENIENCE OF: 
e Direct reading register 
that gives the hopper 
contents at a glance 
e Visible and audible 
alarms that warn when 
the hopper contents are 
low 
e A mechanical poise 
weight drive for rebal- 
ancing after loading 


WALLACE & TIERNAN 


COMPAN 


25 MAIN STREET. BELLEVILLE 


TI 


information on the W&T 
Series A-635 Volumetric 
Fluoridator 
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ginia Dept. of Health reports following re- 
sults and conclusions: [1] Interest and 
cooperation of local sanitarian are necessary 
to success of program. [2] Free chlorine 
has been verified as better disinfecting agent 
than combined chlorine. [3] Number of fill 
and draw pools has been reduced 48%. [4] 
Number of Class AA and Class A pools has 
been increased 39%. [5] Number of Class 
C pools has decreased 29%. [6] Interest 
and cooperation of pool owners and operators 
have been very good. |7]| Results obtained 
indicate that program is worth while, and 
it is planned to continue it within limits of 
existing facilities —PHEA 


Investigations on the Applicability of a 
Quaternary Ammonium Compound (Cetyl- 
pyridinium Chloride) for the Disinfection 
of the Water of Indoor Swimming Pools. 
K. SKADHAUGE & J. FoGu. Nordisk Hyg. 
Tidskr. (Norway), 1952: 9, 10: 255. Water 
of indoor swimming pool of 3l-cum capacity 
was treated with 6.2 1 of 10% proprietary 


preparation of cetylpyridinium chloride (1) 
so as to give final concentration of 20 ppm. 
Scum appeared on surface and water became 
cloudy; after 3 days water became clear and 
sediment of textile fibers, lime and kieselguhr 
formed on bottom. Samples of water taken 
daily for 7 days and cultured in lactose- 
peptone water showed no growth; Pseudo- 
monas pyocyanea was found in samples taken 
between 8th and 11th days. Pool was used 
during period by 66 persons, who complained 
that water felt greasy and that sides and 
bottom of pool were slippery. Pool was 
emptied, cleaned, and refilled; I was then 
added in concentration of 20 ppm; Ps. pyo- 
cyanea was present in samples taken 30 min 
and 3 days later. Pool was then refilled and 
water treated by filtration and chlorination 
only for 16 days until water became appar- 
ently sterile; I was then added in same 
concentration and Ps. pyocyanea reappeared 
in the samples. I became adsorbed on filters 
and had adverse effect upon their action; 
rate of flow of water through them was 
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KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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EVERDUR STEMIS: 
TURN THEM EASILY-ONCE A DAY OR ONCE A YEAR. 
THEY RESIST CORROSION. 


Rust and efficiency—like oil and water— 
don't mix. In gate and valve stems rust 
costs money. You avoid this by specify- 
ing stems made of Everdur*—strong, 
rustproof and corrosion-resistant, 

Everdur Copper-Silicon Alloys have 
long been fabricated into lightweight 
sewage and waterworks structures. 
Gates, screens, guides and bolts, weirs, 
float chambers, troughs, manhole steps 
and electrical conduit—all gain extra 
protection when made of Everdur. 

Depending on the type or composi- 
tion, you can work Everdur Alloys hot 
or cold, and readily form, forge, weld 
and machine them. They are available 
in plates, sheets, rods, tubes, electrical 
conduit and casting ingots. 


Write for free booklet, “Everdur 
Copper-Silicon Alloys for Sewage and 
Waterworks Equipment.” For practi- 
cal advice on selecting the correct ma- 
terial for your equipment, consult our 
Technical De »partment. Their services 
are freely available. The American 
Brass Company, Waterbury 20, Con- 
necticut. In Canada: Anaconda Ameri- 


can Brass Ltd., New Toronto, Ont. 


*Reg. U 531894 


EVERDUR 
ANACONDA 


COPPER-SILICON ALLOYS 


STRONG * WELDABLE - WORKABLE 
CORROSION-RESISTANT 


S. Pat. Off 
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reduced and sediment accumulated in bath. 
Lab. experiments carried out with sand filter 
and few liters of water showed that concen- 
tration of I fell after filtration, so that water 
lost its disinfectant properties. Time of fil- 
tration was greatly prolonged and _ several 
washings were necessary before sand could 
be freed from I. Results show that I is 
not suitable agent for disinfection of swim- 
ming-pool water.—3B// 


POLLUTION CONTROL 


Progress in Water Pollution Control. C. 
KE. Scuwos « L. B. Dworsky. Pub. Health 
Rpts., 67:1080 (’52). Progress of control 
programs and activities since passage of 
Water Pollution Control Act in "48 is clearly 
and concisely presented. Through Div. of 
Water Pollution Control of U.S. Public 
Health Service in Washington, together with 
states, interstate agencies, municipalities, and 
industries, water pollution data on 226 river 
basins were collected, assembled, and ana- 
lyzed during 49 and ’50. Data indicated that 


by July ’50 more than 22,000 sources of pol- 


lution in U.S. were discharging wastes into 
rivers and lakes. It is estimated that $9-12 
billion in public and private investments will 
be required during next decade to provide 
adequate collection and treatment facilities to 
meet these needs and to allow for future 
growth and expansion. Although act pro- 
vided for loans to municipalities for assistance 
in construction of needed abatement facilities, 
no funds have been made available for this 
purpose. Report cites evidence of successful 
approach to many pollution problems. Pub- 
lic interest has been aroused through publica- 
tion and distribution of drainage basin re- 
ports. Uniformity of state water pollution 
control laws and policies is beginning to take 
shape, patterned, in varying degrees, after 
suggested state water pollution control act 
developed by USPHS and endorsed and 
recommended by Council of State Govern- 
ments. Cooperative solution of interstate 
pollution problems has been approached 
through development of formal interstate 
compact groups and, where compacts do not 
exist, organization of regional pollution con- 
trol councils. State water pollution control 
agencies have increased number of their 
professional personnel 71% over total for 
"49. Increased field activity has required 
new or expanded laboratory facilities in 19 
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states and increased lab. equipment in 25 
others. One of greatest needs expressed by 
state control agencies was that of obtain- 
ing additional information on location and 
strength of industrial pollutants and their 
effect on receiving waters. Technical ad- 
visory services are provided by USPHS to 
industry groups, states, interstate agencies, 
and others needing assistance in pollution 
problems. Complexity of problem of indus- 
trial-waste control resulted in organization 
of National Technical Task Committee on 
Industrial Wastes in ’50 at invitation of 
surgeon general. Composed of 57 members 
representing 36 major industrial categories, 
this group seeks to stimulate and assist in 
study and development of known practical 
methods for control of industrial pollutants 
and encourage their use. New Environ- 
mental Health Center research facility is 
nearing completion at Cincinnati, where com- 
plex and scientific research activities cover- 
ing many pollution control problems are in 
progress. Despite these major accomplish- 
ments, progress hoped for at time water 
pollution control program was developed has 
not been completely achieved. It is estimated 
that, for sewage treatment alone, annual rate 
of construction nearly three times that at- 
tained in ’51 will be required over next 
decade in order to eliminate backlog of 
treatment plant projects and meet current 
needs as they arise. There exist problems 
of expanding knowledge of effective treat- 
ment methods for many new pollutants, both 
at source and in connection with taste and 
odor control in public water supplies. 
USPHS feels that continued cooperative ef- 
forts on part of states, interstate agencies, 
industry, and municipalities will spell success 
for federal government’s water pollution con- 
trol program.—PHEA 


Pollution Control Through Mechanism of 
Classes and Standards. A. F. Dapperr. 
Sew. & Ind. Wastes, 24:313 (’52). In any 
pollution abatement program, it is necessary 
to establish some system of classification and 
standards as basis for deciding on degrees of 
treatment which must be achieved at waste 
sources. In order for adopted classes to be 
useful in guiding sound engineering judg- 
ment, they should be based on best usage of 
waters in public interest and provide enough 
classifications to fit conditions for which any 
stream may be used. Also, there should be 
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Constant Clarity 


at Variable 


EFFLUENT 


RAW WATER 


The Graver Reactivator 
produces uniformly low 
turbidity water even with 
wide fluctuations in load. 


In the diagram above 

note the height “A” be- 

tween the sludge bed 

level and the effluent 

collector at the top of the tank. This 
depth of clarified water is your assur- 
ance of: protection against carryover 
during sudden load increases — con- 
stant effluent clarity a dependable 
water supply. 

Recently, a large Reactivator at an 
eastern paper plant was subjected to 
a 70% load increase within a 2-minute 


period. Result—the effluent turbidity 
remained unchanged at 5 ppm—well 
below the customary guarantee when 
operating at normal load fluctuation. 


For best results in solving your water 
treatment problems, get the benefit of 
Graver’s 40 years of specialized ex- 
perience, proven designs and _ un- 
equalled facilities. 


watons 


GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mfg. Co., Inc. 
DEPT. AWW-R 216 WEST 14TH STREET NEW YORK I! N.Y. 
In Canada: The Bird-Archer Co., itd., Cobourg, Onterio 
In Mexico: Proveedores Tecnicos, $.A., Pueblo 259, Mexico 7, 0. F 


EQUIPMENT FOR ALL 
WATER AND WASTE 
TREATMENT PROCESSES 
Gw 478A 
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quality standards set up for each class though 
they should be applied only after waste 
effluent has been dispersed in stream, and 
only where there is valid justification should 
they be expressed quantitatively. Except 
when designing or approving treatment facili- 
ties, standards should not be set for effluents. 
Important problem encountered in classifying 
streams is difficulty which public has in un- 
derstanding and interpreting classes in view 
of fact that there is usually not much dif- 
ference in degree of treatment required for 
discharging into streams of different classes. 
Discussion. FE. SHERMAN CHASE. Unless 
variations in stream flow, seasonal effects, 
and other significant factors are considered 
when establishing standards, much engineer- 
ing judgment must still be exercised in ap- 
plying them. Considering number of points 
at which samplings and analyses are re- 
quired, it is questionable whether benefits to 
be gained by classifying all waters in state 
are worth time and cost. Finally, there is 
danger that any classification system based 


on arbitrary standards and having force of 
law represents further step towards govern- 
ment by promulgation of administrative regu- 


lations —PHEA 


Stream Pollution by Coal Mine Wastes. 
H. F. Hesrtey. Mining Eng., 5:404 (’53). 
General description of nation’s water re- 
sources, touching upon phenomenal growth 
in water supply demand and emphasis on 
problems facing coal industry as to acid 
mine water drainage dischgd. from active 
and abandoned mines, and as to suspended 
solids dischgd. to stream system from wet 
coal prepn. plants. Stream poln. from any 
cause merely one factor in comprehensive 
problem of water supply in modern times. 
Domestic water consumption now augmented 
by large number of previously nonexisting 
industries. Cited are numerous interesting 
instances of industrial drawdown partially or 
completely depleting normal ground water 
supply of domestic users. Typical interstate 
agreements for control of water resources in 
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FOR MAKING 
SERVICE 
CONNECTIONS 


Skinner Seal Service Saddle for steel, cast” 
iron and transite pipe. Single massive bolt 
speeds and simplifies installation. 
today for new catalog. 


M. B. SKINNER COMPANY 
SOUTH BEND, INDIANA 


SODIUM 
FLUOSILICATE 


(Silico Fluoride) 


CORPORATION 


~Mono-Cast For Permanence! 


7 Long service with minimum maintenance, coupled with simplicity in instal-_ 
- lation, makes Mono-Cast Pipe a favorite for systems conveying water, gas, oil, 
_ sewage and other liquids under high, medium, or low pressures. Among the — 
joints available are Bell and Spigot, American Double-X, Roll-On Joint, Screw- 
Gland, Flanged, and Molox Ball Joint. 


Mono-Cast Pipe is manufactured under close control to meet nationally rec- 
ognized standard specifications. Cast centrifugally in sand-lined molds, it is 


supplied with or without tar coating, cement or Enameline lining in sizes 3” 
through 48”. 


Being cast iron, Mono-Cast pipe enjoys an enviable reputation won by out- 


standing performance. It retains the high regard of engineers year after year, 
in city after city. 


Mono-Cast Pipe serves equally well beneath crowded city streets or in sew- 
age treatment plant installations like the one shown above. 


‘AMERICAN CAST IRON PIPE COMPANY 


Birmingham 2, Alabama 


Dallas Houston El Paso Pittsburgh Kansas City 
Chicago Minneapolis New York City Cleveland 
Los Angeles San Francisco Seattle Denver 
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Do you have 


these SOLVA 


S. Pat. Off. 


TECHNICAL 
BULLETINS 


If your work involves the treatment of 
water and sewage, you should have 
copies of these Solvay Technical and 
Engineering Service Bulletins. Bulle- 
tin 5 covers properties and handling 
of Soda Ash; Bulletin 7 gives the 
properties plus handling information 
on Liquid Chlorine. Bulletin 8 dis- 
cusses alkalies and chlorine in the 
treatment of municipal and industrial 
water, while Bulletin 11 talks about 
methods of analyzing water. These 
Bulletins are available 

on request; there’s no 

cost. Use the coupon to 

get your copies. 


DD-9 


understand there is no cost 


Please send me copies of the Solvay 
Technical Bulletins I have checked 


below 
Treatment of Municipal and Industrial Water 


I 
[] Bulletin No. 8—Alkalies and Chlorine in the 
(] Bulletin No. 11—Water Analysis 


New York 6, N. Y. 


i} 61 Broadway, 


=) Allied Chemical & Dye Corporation 
‘al 


| Bulletin No. 7—Liquid 
Chlorine 


[] Bulletin No. 5—Soda Ash 


Company 
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Delaware, Potomac, and Ohio river basins. 
Many aspects of problem, some conflicting, 
include: flood control, power generation, land 
reclamation, domestic and industrial supply, 
watershed management, inland and tidal wa- 
terways, and stream poln. control. Wide- 
spread water demands necessitated priorities, 
highest assigned to supplies for municipal 
and domestic purposes. Principal sources of 
poln. are: domestic sewage; soil solids eroded 
by annual runoff; and trade wastes, organic 
and inorganic. Organic trade wastes include 
those from packing houses, food-processing 
plants, pulp and paper mills, cheese and but- 
ter factories, and beet sugar industry. In- 
organic trade wastes include pickle liquor 
(steel), brines (wells), acid water drainage 
(coal mines) and metal-finishing liqs. In- 
teraction between wastes illustrated by sew- 
age and acid mine drainage. Latter stops 
putrefactive process until diluted and alka- 
linized by downstream tributaries. Biologi- 
cal decomposition processes in stream de- 
scribed and Os requirement emphasized. 
BOD universal measure of poln., except for 
acid mine drainage. Latter poses many dif- 
ficulties, particularly handling stupendous 
vols. of water. Drainage from shallow mines 
greatly affected by rainfall and depth of 
earth. Stream pH not a measure of titrat- 
able acid; hence, often misleading because 
buffering action at pH 3.0 allows much alka- 
line absorption. Role and extent of bacterial 
activity in acid production and Fe oxidation 
discussed. Lime, hydrated lime or limestone 
neutralization of acid mine water impractical 
from standpoints of vol. and reaction prod- 
ucts. Properly designed drainage is possible 
solution being studied. Suspended solids in 
washery water, second major difficulty, may 
be reduced by better design and proper use 
of elevated settling cones, drag conveyor set- 
tling tanks, Dorr thickeners, hydraulic cy- 
clones (Dutch), centrifuges, vacuum filters 
and thermal dryers, supplemented by lagoon- 
ing. Industry and municipalities becoming 
better informed of their obligations through 
legislation governing water supply and 
stream poln. Contacts with officials more 
frequent. Pa. Clean Streams Act (’37, 
amended °45) defines poln. as dischg. to 
stream system of noxious and deleterious 
substances rendering waters unclean to ex- 
tent harmful or inimical.to public health, 
animal or aquatic life or to use of such 
waters for domestic supply, industrial pur- 
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Sizes 3” to 36”, cold water, full open or tight Sizes 2” to 36", cold and hot water, low or 
closed action, inlet pressure 20 psi-250 psi. high pressure, throttling design. 


> 


Sizes 2" to 2", cold water, all e Sizes 3" to 36", cold or hot water, pressure 
action, pressure 20 psi to 175 20 psi.-250 oa 


FLOAT VALVES 


Illustrated above are a few of the many Golden-Anderson float 
operated control valves designed for either cold or hot water, 
open or closed tank service in reservoirs, tanks, coagulating basins, 
mixing chambers, etc. These valves may be of either the quick- 
opening or throttling design with integral or remote pilot control— 
available in angle or globe body pattern. This special air and 
water cushioning feature prevents any chatter or bang in operation. 
IMMEDIATE SHIPMENT 


FROM STOCK 
ON MANY SIZES. 


P&R 75 
| 
4 FG = | 
dependable high and low-pressure 
i 
OLDEN 
2091 KEENAN BUILDING PITTSBURGH 22, PA. 
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poses, or recreation. Industrial wastes con- 
strued to mean any liq., gaseous, or solid 
substance, not sewage, resulting from any 
manufacturing plant, industry, or establish- 
ment causing poln. as defined, and silt, coal 
mine solids, rock, debris, dirt, and clay from 
coal mines, collieries, breakers or other coal- 
processing operations. Law enforcement 
generally assigned to appointed regulatory 
bodies vested with wide powers but without 
checks on their acts or requirements. Thus, 
not responsible for resulting economic ef- 
fects. They customarily fix stds. relating 
theoretical stream conditions to theoretical 
possible uses. Not required to relate specific 
requirements to actual conditions and uses. 
Thus, success of whole control program de- 
pends on sagacity of commission members. 
Latter confronted with wisdom-taxing prob- 
lems. Cases cited —R. E. Noble 


Stream Pollution Problem. FRANK Coo- 
GAN. Louisiana Conservationist (Jan. ’52). 
Three general areas of cane sugar produc- 


tion in Louisiana are cited. Pollution prob-— 
lems associated with operation of sugar fac- 
tories in these areas have been influenced by 
growth of towns around industries, drainage 
characteristics of bayous, improvements in 
factory operations, land available and _ suit- 
able for impoundment of wastes, mechanical 
harvesting of cane, and weather conditions. 
Louisiana Wild Life and Fisheries personnel 
are engaged in program of surveying stream 
conditions before, during, and after grinding 
season to determine effect of grinding opera- 
tions on water in streams. Two known 
methods of reducing pollution in streams 
are: [1] to reduce rate of flow from sugar 
factories to streams by impoundments; and 
[2] to provide additional amounts of fresh 
water in receiving streams.—P//EA 


Some Aspects of Pollution Control in 
Tidal Waters. K. E. Mitts. Sew. & Ind. 
Wastes, 24:1150 (’52). There is no easy 
answer to situation as complex as that of 
stream and tidal water pollution. Consid- 
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ANCHORED CLAMP for 
MECHANICAL JOINTS 


Also Cl-60 charcoal cast iron bolts for me- 
chanical joints; bell-joint Leak Clamps and 
Gasket Sealer Compound. 


Write for information 


H. Y¥. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 


WUNICEIPAL 
SUPPLIES 


: 


W.S.DARLEY & CO. 


CHICAGO-12 -ILLINOIS 
No 148 


WRITE TODAY 
For 
100 PAGE CATALOG 


W.S. DARLEY & CO. Chicago 12 
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a report 


©» YEARS and a BILLION 


A 


Since our fiftieth anniversary in 1947, many new Roberts- 
equipped water treatment plants have been installed... 
and in the same period a number of additions have been 
made to plants that have carried the Roberts nameplate of 
dependability for many years. 

We are proud of this accomplishment; not only because 
of the total quantity of a billion gallons a day, added in 
the past five years, but because of the reports we receive 
from the men who are operating our equipment year in 


and year out. 


' 
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DAKRUY, PENNA. 
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eration that should receive first attention in 
evaluating effects of such pollution is: “In 
what practical sense is condition of affected 
stream less satisfactory than it was before?” 
Involved studies of all living forms present 
in water, together with their seasonal and 
locational variations, may lead to expensive 
and academic channels of investigation with- 
out result bearing directly on pollution prob- 
lem. As approach to biological field studies, 
fish life should be chosen as major index of 
effect, with emphasis being on fish popula- 
tion. All major phases of industrial water 
pollution abatement can be combined into 
program that directs progress of understand- 
ing and control in logical sequence. Sug- 
gested program is outlined —PHEA 


Discharge of Sewage and _ Industrial 
Wastes to Estuaries. B. A. SouTHGATE 
& W. S. Preppy. J. Roy. San. Inst., 72:424 
(52). By recent legislation, river boards 
may, under certain conditions, fix standards 
for quality of polluting liquors which are to 
be discharged to estuaries. It is therefore 
important that information should be obtained 
concerning effects of such discharges on 
estuaries, where conditions are much more 
complicated than they are in fresh-water 
stream flowing in one direction. This paper 
is divided into several sections, each dealing 
with different aspect of subject. Formation 
of mudbanks. Occurrence of mudbanks in 
certain estuaries has sometimes been at- 
tributed to pollution by sewage or other 
organic matter. Large mudbanks, however, 
frequently occur in estuaries free from se- 
rious pollution, and conclusion reached after 
extensive survey of Mersey estuary was that 
discharge of crude sewage had not sig- 
nificantly affected accumulation of mudbanks. 
Current system. Polluting matter discharged 
to estuary oscillates up and down with tide. 
Method which has been developed for cal- 
culating movement of water in estuary, and 
hence distribution of effluent, is based on 
measurements of salinity of water at half 
tide at fixed points. Concentration of dis- 
solved oxygen. In many estuaries in Great 
Britain, content of DO is high at both fresh- 
water and seaward ends, but, because of 
pollution, is low in intermediate region where 
oscillatory movement of water occurs. Pres- 
ence of DO is of importance not only for 
migratory fish but also to prevent develop- 
ment of anaerobic conditions and production 
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of hydrogen sulfide, which may cause nui- 
sance. Survey of Thames estuary, now in 
progress, has as one of its objects determina- 
tion of relative importance of various factors, 
such as temperature, rate of flow of fresh 
water into estuary, and wind velocity, in 
influencing concentration of DO. Fisheries. 
At present comparatively little is known 
about ways in which fishery may be dam- 
aged. Fish may be asphyxiated if content of 
DO falls below certain value, or they may 
be killed by directly poisonous substances ; 
in addition, polluting material may affect 
food supply of fish or may drive fish away 
to cleaner waters. Pollution of estuaries 
may affect shellfish by introducing directly 
toxic substances or by changing nature of 
bottom by deposition of sludge or mud; in 
addition, shellfish may ingest pathogenic bac- 
teria and so become unsafe for food unless 
they are first “purified” in sterile salt water. 
Plants and invertebrate animals. Work done 
during survey of Tees R. showed that fall 
in numbers and species of plants and inver- 
tebrates which occurred in middle reaches of 
estuary was due mainly to natural variations 
in salinity and not to pollution. Treatment 
of polluting liquors discharged to estuaries. 
In some estuaries, damage to fisheries may 
be due to discharge of particular substances 
in trade waste waters, but, in others, it is 
discharge of oxidizable matter, including con- 
stituents of sewage, which causes pollution. 
To reduce pollution of second kind it may 
not be necessary to produce effluents of qual- 
ity that would be required for discharge to 
fresh-water stream, and important feature 
of required treatment might be that it would 
remove great weight of oxidizable material 
per day at as low cost as possible. Under 
these conditions, biological filtration at high 
rates or anaerobic digestion might be suit- 
able.—BH 


“Polluted” Water From the Leading of 
Igneous Rock. R. S. INncors & A. T. 
NAVARRE. Science, 116:595 (’52). Made 
curious by occurrence of fixed nitrogen in 
mountain stream 2,500 ft above sea level, 
authors investigated series of igneous rocks 
for presence of fixed nitrogen using method 
of “leading” crushed rock with water and 
analyzing solution. Series contained weath- 
ered, partially weathered, and unweathered 
granite and granite-gneiss, as well as piece 
of fresh Hawaiian basalt for comparison. 
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CHOUTEAU 
OKLAHOMA 


the Pipe 
“CENTURY” 


ASBESTOS-CEMENT 


LL over America, economy 

and efficiency-minded officials 

are choosing ““Century”’ Asbestos- 

Cement Pipe for water mains. Here 
are some excellent reasons: 


Ti 


“Century” Asbestos-Cement Pipe 
is made from two practically in- 
destructible materials, asbestos 
fiber and portland cement. It can- 
not rust and is highly resistant to 
soil corrosion. That contributes 
to long life. 


“Century” Asbestos-Cement Pipe 
is strong, light in weight, easy to 
handle and lay. That contributes 
to economical installation. 


The “Century” Simplex Coup- 
ling is readily assembled and 
provides an immediate and _ per- 
manently tight joint. Another 
economy factor. 


“Century” Asbestos-Cement Pipe 
cannot tuberculate and the smooth 
inner surface is assurance that a 
full flow of water will continue for 
years to come. That contributes to 
efficiency and economy. 


Put all these advantages together 
and you see why so many towns 
now get their water through 
“Century” asbestos-cement pres- ““Century” pipe installation from Grand River Dam to the 
sure pipe. City of Chouteau, Oklahoma. Engineers: Hoil Engineering 
Corp., Contractors: Eagle Construction Co., both of Tulsa. 


FREE BOOKLET — ‘‘ Mains Without Maintenance’’ 
is filled with data valuable to anyone interested 
in water main pipes. Write for your copy today! 


Nature made asbestos... 
Keosbey & Mattison has made it 


verve monkind since 1873 1K FASBEY & MATTISON 
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Tests were made for pH, carbonate, nitrate, 
ammonia calcium, magnesium, and chloride. 
It was found that rate of weathering did not 
correlate with fixed nitrogen value, but that 
all igneous rocks yield soluble substances in 
approximately same amounts. Conclusion is 
warranted that concentration of soluble com- 
pounds in spring water or surface water 
which has chance to flow slowly over granite 
is determined by rate of rock weathering. 
In areas where rapid weathering occurs, ni- 
trogen determinations for indication of human 
pollution cannot be used—PHEA 


The Pollution of the Bzura River. Irene 
CABEJSZEK, ZBIGNIEW MALANOWSKI & STA- 
NISLAW WLOovEK. Gaz, Wodai Tech. Sanit. 
(Poland), 26:162 (’53). During June 19-27 
and Nov. 5-10, ’51, survey was made of 
pollution of Bzura R., tributary to Vistula 
R. Samples were collected for bacteriologi- 
cal and biological examinations and physico- 
chemical analyses from 28 stations along 


vember survey was to determine effect of 
discharge of wastes from 4 beet sugar proc- 
essing plants, which were in operation at 
that time. Other industrial plants located on 
watershed and discharging wastes to Bzura 
R. included 2 chemical plants, pharmaceuti- 
cal plant, 2 tanneries, and textile plant. In 
addition, sewage wastes are discharged from 
communities along river. Acid conditions 
are produced near headwaters of river and 
continue for stretch of approximately 30 km. 
In this zone no biological organisms were 
found, although there was evidence of bacte- 
riological pollution. During summer months 
highest 5-day BOD was 10 ppm, whereas in 
November, with sugar plants in operation, 
BOD increased to 99.6-108 ppm. As a re- 
sult of pollution at headwaters of Bzura R., 
recovery does not take place until approxi- 
mately half of length of stream has been 
traversed (75 km). Recovery is somewhat 
slower during colder months. During last 
75 km, before confluence with Vistula, BOD 


155-km stretch of river. Purpose of No- does not exceed 10 ppm, and oxygen satura- 
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IMITORQUE 


VALVE CONTROLS 


are in service in water works and sewage disposal plants” 
for automatic or push-button operation of valves up to 
120 inch diameter. Why is acceptance so widespread? 
Because LimiTorque Operators are designed to provide © 
dependable, safe and sure valve actuation at all times. 
LimiTorque is self-contained and is applicable to all 
makes of valves. Any available power source may be 
used to actuate the operator: Electricity, water, air, oil, 
gas, etc. 
A feature of LimiTorque is the torque limit switch pone 
controls the closing thrust on the valve stem and pre- — 
vents damage to valve operating parts. 


Write for Catalog 


PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 
New York 


Pittsburgh @ Chicago Houston Lynchburg, Ve. 
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COLOR MOWEON 
MODERN WATER DEVELOPMENT 


Interesting! Educational! 


The fascinating story of mod- 
ern water development is un- 
folded before your eyes in this 
new 22-minute sound movie in 
color. Filled with dramatic ac- 
tion shots, it’s just as interest- 
ing to experienced water works 
men as it is to people who want 
to keep informed on engineer- 


Helpful! 


ARRANGE FOR 
A SHOWING TO 
YOUR GROUP 


ing advances affecting our cities 
and industries. Plan now to use 
this movie at one of your water 
works meetings—and offer to 
show it to civic groups. There’s 
no charge for use of the film. 


LAYNE & BOWLER, INC. 
Memphis 8, Tenn. 


For full information on showings of ‘‘DEEP WATERS’’ 


write the nearest Layne Associate Company 


LAYNE ARKANSAS COMPANY 

Stuttgart, Arkansas 

LAYNE ATLANTIC 

Norfolk, Virginia 

LAYNE CENTRAL COMPANY 

Memphis, Tennessee 

INTERNATIONAL WATER 
SUPPLY LTD. 

London, Ont., Canada 

INTERNATIONAL WATER CORP. 

Pittsburgh, Pennsylvania 

LAYNE LOUISIANA COMPANY 

Lake Charles, Louisiana 

LAYNE MINNESOTA COMPANY 


Minneapolis, Minnesota 


COMPANY 


LAYNE NORTHERN COMPANY | 
Mishawaka, Indiana 

LAYNE NORTHWEST COMPANY 
Milwaukee, Wisconsin 

LAYNE NEW YORK COMPANY 

New York, New York 

LAYNE OHIO COMPANY 
Columbus, Ohio 

LAYNE PUMPS, INC. 
Lubbock, Texas 

LAYNE TEXAS COMPANY, 
Houston, Texas 


LAYNE WESTERN COMPANY 


Kansas City, Missouri 


LTD. 


Water Wells 
Vertical Turbine Pumps 


Water Treatment 


The Layne Compon' 
prese 
pEEP 
water? 
a 
| 
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tion value ranges from 40 to 137% during 
summer and averages about 65% during 
colder months. Authors suggest that mu- 
nicipal wastes should receive some treatment 
before discharge to river and that special 
studies be made of industrial plant wastes to 
provide pretreatment before discharge.—C. 
P. Straub 


Regularities in Growth of Saprophytes 
During Self-Purification Processes in Pol- 
luted Streams. FE. V. Dianova & A. A. 
Mikrobiologiya, 21:311 (’52). 
Self-purification of polluted streams follows 
curves closely resembling curves of bacterial 
growth in favorable media and with like 
seasonal changes. Chem. data such as BOD 
and the mineralization of org. compds. give 
accurate indications of rate of self-purifica- 
tion and offer means of checking bacterial 
growth curves or max. points on such curves. 


‘CA 


Monitoring of Waters for Radioactivity. 
B. L. RosentHar. Sanitalk (Mass. Dept. 
Public Health), 1:15 (Nov. ’52). Program 
was begun early in ’51 at Lawrence Expt. 
Sta. for routine monitoring of certain water 
supplies for radioactivity. This was done to 
determine normal radiation background of 
waters in state as well as to detect possible 
excessive radiation in water caused by im- 
proper disposal of wastes containing spent 
radioisotopes. Having background radiation 
measurements is of assistance in civil defense 
disaster caused by atomic explosion. Article 
gives description of apparatus used, method 
of obtaining background radiation informa- 
tion on water supplies and detailed method 
of making determination. It was interesting 


to note that background radiation 

fected by certain atomic explosions which 
took place in Nevada. [Cf. Jour. AWWA, 
45:562 (June ’53).]—PHEA 


Systematic Analysis of Organic Indus- 
trial Wastes. H. Braus, F. M. Mipp.Leton 
& C. C. Rucunort. Anal. Chem., 24:1872 
(52). Approach to systematic method for 
analysis of organic industrial wastes and 
waste effluents is based on separation of 
groups of organic compounds by virtue of 
differences in solubility. Liquid-liquid ex- 
traction is employed. Saturation of aqueous 
phase with sodium chloride increases ef- 
ficiency of recovery. Further separation and 
identification are achieved by use of distilla- 
tion, infrared analysis, and other organic 
analytical techniques. These methods have 
been applied to 5 organic wastes, representa- 
tive of petroleum industry, synthetic rubber 
industry, naval stores, coke and steel indus- 
try, and synthetic chemicals plant. With 
procedure described, neutral, phenolic, acidic, 
and basic components were separated and 
estimated on all of these wastes. This sep- 
aration and study of organic components of 
waste are important in determining possible 
treatment and pollution abatement procedures 
and for solving taste and odor probiems in 
water purif—PHEA 


Color in Industrial Wastes. III. Color 
of Suspended Solids and Applications for 
Waste Color Characteristics. W. Ruporrs 
« W. D. Hanion. Sew. & Ind. Wastes, 
24:1502 (’52). Study was made for pur- 
poses of [1] developing method for express- 
ing effect of suspended matter on color char- 
acteristics of industrial wastes, [2] using 


(Continued on page 84) 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 lb. Each 


Inguiries Solicited 


NORTHERN GRAVEL COMPANY > 


@ 
a 
— 
1. 
P. O. Box 307 Muscatine, lowa 
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5540 
5564 Two Branch 
Three Branch 


5596 
Two Branch 


DUO-STOP 


Write for literature or ask “The Man from Hays” 


WATER WORKS PRODUCTS 
HAYS MANUFACTURING CO. 
ERIE, PA. 
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industrial-waste light absorption properties 
for calculating concentration of industrial 
wastes in stream waters, and [3] investigat- 
ing methods for projecting industrial-waste 
color characteristics to stream conditions. 
Method is presented for expressing color 
characteristics of industrial-waste suspended 
solids in terms of visual hue and degree of 
light absorption effected solely by suspended 
matter. Principle of Beer’s law was adapted 
to light absorption properties of polluted 
stream waters for purpose of calculating 
concentration of two or more contaminating 
wastes. Direct projection of industrial-waste 
color characteristics to actual stream condi- 
tions is not feasible. However, these color 
characteristics may be extended to longer 
light absorption cells which are more suit- 
able for stream water standards.—?//EA 


Stream Protection. A. Joszr. (Gaz. Woda 
i Tech. Sanit. (Pol.), 26:21 (’52). In ad- 
dition to its natural flow, stream also re- 


ceives domestic sewage and industrial waste 
flows. Official purpose of stream protection 
is to control discharge of waste materials 
into stream so as not to exceed its self- 
purification capacity. Wastes come from 
two main sources: domestic sewage and 
industry. Former does not vary markedly 
from municipality to municipality; latter 
varies considerably, depending on size of 
industry, manufacturing process, degree of 
pretreatment provided, etc. It is reported 
that domestic sewage flows will amount to 
60-250 1 per day per person, varying with 
environmental and cultural habits of peo- 
ple, and will contain approximately 35 g 
of grease per person per day (which is in 
accord with Russian and German data). In 
addition, solids removed from sewage, when 
digested, will produce about 14 1 of methane 
gas per person per day. Care must be taken 
in discharge of industrial waste to prevent 
discharge of toxic elements. Author de- 
scribes steps that have been taken in Upper 
Silesia in coping with problem of stream 
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New Hyde Park 


M-SCOPE Pipe Finder» 


LIGHTWEIGHT MODEL 


Catalog No. 25K 


On Request a: 


JOSEPH G. POLLARD CO., Ine. 


Pipe Line Equipment 
New York 
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modernized ITs \RON REMOVAL PLANT 


To triple the 1912 rate of an old-fashioned 
settling basin and two filters could be a 
problem —and quite expensive. 
Consulting Engineer Charles A. Haskins 

solved it very economically. Two compact, 
modern Permutit Precipitators were built 
into the old settling basin. Operating on 
the highly efficient sludge-blanket princi- 
ple, these Permutit Precipitators assure 
maximum operating economy. 

The results of this modernization —de- 
tailed in the table below — speak for them- 
selves: 


@ Total Iron reduced from 5.0 to 0.1 ppm. 

@ Manganese reduced from 0.2 ppm to 
essentially zero. 

@ Turbidity reduced from 50 to only 3 
ppm—permits 19 hour per day filter runs 
with washing only once every 5 days! 

@ Hardness reduced to level desired. 

For full details on the Precipitator write 
to THE PERMUTIT COMPANY, Dept. JA-9, 


330 West 42 St., New York 36,N. Y.,orto 


Permutit Company of Canada, Ltd., 6975 


Jeanne Mance St.. Montreal. 
Registered Trade Mark 


Raw Water Precipitator 
from wells eMuent 
before aeration (unfiltered) 


Water Analysis 
Report Before 


145 
103 
108 


(Co+ +) 
(Mg + +) 
(No +) 


and After 
Conditioning 


Alkalinity 


(HCO,—) 
(CO,— —) 

(OH —) 
(CI—) 
(SO4——) 


Free Carbon Dioxide 
IRON (tote!) 

Silico 

MANGANESE 
Fluorides 


Color 
pH 


Alkalinity A (Methy! Orange) 
Alkalinity 8 (Phenolphtholein) 


TURBIDITY (after shoking) 


Tote! Hordness (os CoCO;) 


Result in 
groins per 
U.S. Gol 


J ® 


WATER CONDITIONING HEADQUARTERS 
FOR OVER 40 YEARS 


P&R 8S 
HOW 
NORTH 
ium CaCO; 
Carbonote CaCO; 0 
Hydroxide CeCO; 0 
a4 Chloride 35 
Sulfate CeCO; 146 
Total Hordn CeCOs 248 130 
| 
SiO, 168 13.0 
04 
| Turbid 5 
73 95 
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protection. Committee comprising interested 
governmental and provincial groups has been 
activated to study problem. One of its func- 
tions is to determine nature and amount of 
waste being discharged from some 800 in- 
dustries in area. To date about 200 of these 
have been examined and studied. Expert 
committee makes recommendations for al- 
leviation of waste problem by recommending 
recovery, change in process within industry, 
waste treatment, etce.—C. P. Straub 


BACTERIOLOGY 


Conditions Affecting the Growth of BPac- 
terium coli on Bile Salts Media. Enumera- 
tion of This Organism in Polluted Wa- 
ters. L. A. ALLEN, S. M. PAstey & M. A. 
Pierce. J. Gen. Microbiol., 7:3-4:257 (Nov. 
52). Direct count of Esch. coli on solid 
bile salts media at 44°C is affected by num- 
ber of conditions. Quite apart from varia- 
tions between different brands of bile salts, 
excess of any particular one may be inhibi- 
tory. Phosphates were also found to reduce 
yield of colonies. These effects were more 
pronounced in cells attenuated by prolonged 
immersion in water. Tests were made to 
see whether cells attenuated by period of 
suspension in water could be so resuscitated 
by preliminary incubation in nutrient medium 
that they became more resistant to inhibitory 
action of bile salts and to high temperature 
of incubation. Time for resuscitation must 
be no longer than minimum time before 
actual proliferation of cells commences, and 
authors chose time of 1 hr [but it is sub- 
mitted that this is almost impossible to assess, 
particularly with mixed bacterial flora found 
in polluted water samples]. It is pointed out 
that, with increasing periods of immersion, 
decreasing proportion of cells are capable of 
being resuscitated before proliferation of 
some cells begins. This preliminary resus- 
citation treatment is suggested as technique 
for obtaining, subsequently, direct colony 
count of Esch. coli at 44°C in polluted 
waters.—BH 


Some Factors Affecting the Viability of 
Fecal Bacteria in Water. [L. A. ALLEN, 
S. M. Pastey & M. A. Pierce. J. Gen. 
Microbiol., 7:1-2:36 (Aug. ’52). Effect of 
various conditions on rate of death of Esch. 


coli and Str. faecalis in dilute buffer solutions 
was followed by making colony counts at 
intervals during prolonged periods of incu- 
bation and then constructing mortality curves. 
Factors studied were pH value, oxygen ten- 
sion, concentration of nutrient material, ard 
age of culture at time of immersion in water. 
Strains of bacteria used were freshly iso- 
lated from sewage or river water and were 
typically Esch. coli type I and Str. faecalts. 
Very dilute phosphate buffer solution was 
used as suspending fluid so that pH value 
remained virtually constant throughout course 
of each experiment. Survival curves for 
Esch. coli and Str. faecalis, when plotted in 
logarithmic form, were characteristically of 
different shapes; that of former organism 
approximated to straight line and curve of 
latter organism sloped very gently at first 
and. then quite steeply. Rates of death deter- 
mined at different pH values showed same 
trend for both organisms; viability is great- 
est at pH 5.0-5.2, least at pH 6.1-7.1, and 
intermediate between these extremes at pH 
7.6-7.7.. Effect of oxygen tension showed 
marked difference of behavior between these 
2 organisms; Esch. coli died much more rap- 
idly under anaerobic than under aerobic con- 
ditions, whereas, with Str. faecalis, no sig- 
nificant difference was observed in rates of 
mortality under these conditions. Observa- 
tions on rates of growth when small concen- 
trations of nutrient material were present in 
water gave some very important results. 
For Esch. coli, lowest concentration of broth 
in which substantial growth occurred was 
10 ppm, which corresponds to content of 
(0.03 ppm Yeastrel, 0.2 ppm peptone, 0.05 ppm 
glucose, and 0.1 ppm Lemco. Expressed in 
terms of chemical aanlysis, this dilute broth 
had 5-day BOD (at 18.3°C) of 0.26 ppm, 
and oxygen-absorbed figure from acid per- 
manganate in 4 hr at 26.7°C was 0.08 ppm. 
Compared with concentration required for 
Esch. coli, nutrient content of broth had to 
be increased 50-fold before definite growth 
of Str. faecalis took place. It was shown 
that presence of minute quantity of organic 
matter (less than 1 ppm) may induce pro- 
found departure from normal form of mor- 
tality curve for Esch. coli—BH 


Viability of the Anti-Vi Bacteriophage in 
Natural Aquatic Habitats in Comparison 


(Continued on page 88) 


7 
“4 
$ 
8 


For over 67 years, HERSEY has been 
buiiding water meters to meet the 
constantly expanding demand for all 
types of water measurements, both 
domestic and industrial. Hersey en- 
gineers of long experience are con- 
tinually designing and improving 
water meters to fill these needs, and 
you will find fully described in the 
Hersey catalog a meter to fit your 
every need, be it for the measure- 
ment of a trickle or a torrent. For 
accuracy, low maintenance cost and 
durability, Hersey Water Meters will 
give you the greatest satisfaction. 


HERSEY MANUFACTURING 
COMPANY 


SOUTH BOSTON, MASS. 


BRANCH OFFICES: NEW YORK PORTLAND, O68 
PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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‘With Viability of Homologous Typhoid Quantitative Estimation of Salmonella 
Bacteria. W. Bul. State in Irrigation Water. S. G. Dun op, R. M. 
Inst. Marine & Trop. Med. (Poland), 4:342. Tweot & Wen-Lan Lov Wane. Sew. 
(52). Author endeavored to ascertain Ind. Wastes, 24:1015 (’52). Quant. method 
whether presence of specific bacteriophage has been developed for estn. of Salmonella — 
would be index of degree of pollution by in sewage-contamd. irrigation water. Of 
homologous bacteria. He therefore inves- 11 samples of irrigation water, 8 were posi-— 
tigated viability of anti-Vi bacteriophage tive for Salmonella. Median value for all — 
and homologous typhoid bacteria in various 11 samples was 0.9 Salmonella per 100 ml. 
- aquatic habitats and at various temperatures Only 1 of 14 samples of vegetables irrigated 
— (4°C, 22°C, and 37°C). Experiments were with this water was positive for these or- 
carried out in distilled water, physiological ganisms. Ratios of 225,000 coliforms and hie 
saline, tap water, river water, pond water, 4,800 enterococci to 1 Salmonella were com- 
sea water, sewage, Seitz-filtered sewage ef- *puted from median values obtained from wa-_ 
fluent. Figures are given for initial bac- ter samples. In comparing coliform and 
_teriophage and bacterial titers, but results of | enterococcus counts from vegetables sub- — 
experiments are not included. In final con- jected to washing and blending, no con- — 
- clusion author finds that survival of Vi sistent trend was shown in favor of either | 
typhoid bacilli is dependent above all on method—PHEA 


_ biological properties of water and, in lesser 


- Reet on its temperature. On,other hand, OTHER ARTICLES NOTED 


survival of bacteriophage depends above all 
on temperature, and biological properties of 
water have little effect. No relationship 
_ could be found between survival rate of 
- bacteria and that of corresponding bacterio- Reservoir Treatment by Improved Methods. 
phage, but latter is much more resistant to RR, L, Dersy & F. W. Townsend. Wtr. & 
its environment than former.—B// Sew. Wks., 100:211 (June ’53). 


Recent articles of interest, not abstracted, 
are listed below. 


Anti-Vi Bacteriophage in the Soil. Ha- (AUMANN & DABBITT. ‘W. 
LINA WysoczyNsKA. Bul. State Inst. Ma- Eng., 106:526 (June '53). 
rine & Trop. Med. (Poland), 4:357 (’52). Air-conditioned Chemical Conveyor Solves 
Aim of this work was to ascertain viability Treatment Problem. F. L. ANDREOLI. Wrr. 
of bacteriophages in soil with regard totem- & Sew, Wks., 100:227 (June ’53). 
" _ perature and kind of soil. Investigation was 
ain == out of disappearance of specific anti- How a Submarine Water Main Was Laid. 
Vi bacteriophage in 3 different soils—sea~- A, R. MacPuerson. Pub. Wks., p. 76 
sand, slightly manured garden soil, and com- (July ’53). 
post soil—at 3 temperatures: 37°C, 20°C, 
ra ae 4°C. Anti-Vi bacteriophage was used Ways to Make Pipe Finding Easier. G. M. 
el which had been isolated in 1940 during MacLeop. Am. City, 68:6:122 (June ’53). 
typhoid epidemic in Warsaw. It is charac- 
terized by high specificity with regard to OSA a y 
Vi antigen. Size of particles of this bac- Utilities. ee Marritt. Wtr. & Sew. 
teriophage, determined by means of ultra- Wks., 100:217 (June '53). 


‘filtration method, is 40 ma. In all investi-  p.. Casita Use of Water in Schools. K. S 
gated soils, at 3 different temperatures, MAX GARBER. Pub. Wks., p. 
anti-Vi bacteriophage survived to some de- (July 

gree until end of experiments—that is, for : 
96-122 days. Survival of anti-Vi bacterio- The Teaching of Limnology in the United | 
oe soil is dependent on temperature. States. D. G. Frey. Scientific Monthly, — 
perishes most quickly at temperature of  76:200 (May ’53). 
_ 37°C, Contamination of soil with mesophilic 
and _ psychrophilic bacteria exerts no influ- New Lifeline for Twelve Thirsty Texas 
ence on viability of anti-Vi bacteriophage. Cities. ANon. Eng. News-Rec., 151:3:43 
(July 16, ’53). 


Postcard Billing for Water and Sewage 
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Consulting Engineer L. E. Wooten 


INERTOL PAINTS 


for Southern Pines Water Works 


Walls, floors and ceilings take 
Ramuc Utility, a tile-like rub- 
ber-based enamel. Walls of filter 
beds are protected by Torex En- 
amel. Torex’s pore-free surface 
prevents mud-ball formation . 

is unaffected by water, chlorine 
or soda ash. 


Piping, railings and machinery 
stay safe and attractive with 
Glamortex, an alkyd resin en- 
amel. On steel or wood, Glamor- 
tex imparts a glossy mar-resist- 
ant finish. Settling Tanks (not 
shown) get Torex Enamel, de- 
veloped for submerged concrete 
surtaces 


Long-wearing Inertol Coatings specified throughout 
plant by Raleigh, N. C., Engineering Company 


Coatings used at this modern water works 
had to more than surpass Engineer 
Wooten’s standards for inertness, elastic- 
ity, hardness and water-resistance. On 
each count—Inertol coatings made the 
grade. Developed especially for water 
works application, Inertol Paints provide 
the long-run economy customers appreci- 
ate. Right now, Inertol Paints are doing a 
satisfactory job in thousands of key instal- 


INERTOL 


484 Frelinghuysen Avenue 
Newark 5, New Jersey 


lations. Contractors Boyd and Goforth of — 


Charlotte, N. C., found Inertol coatings 
easy to apply . . . and economical. 

An Inertol Field Technician will select 
the Inertol coatings needed to solve your 
painting problem. Or write today for our 
free informative “Painting Guide. 
want one if you're a Specification Writer, 
Design Engineer, Plant Superintendent 
or Contractor. 


co., INC. 


27G South Park 
San Francisco 7, California 


"You'll 
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“Luxurious dissipation” is what 
Webster refers to in one of his defini- 
tions of the adjective “Corinthian,” 
and that’s the definition Tom Skinker, 
St. Louis water commissioner must be 
endorsing right now, having just 
okayed the expenditure of $10,000 for 
the renovation of an 83-year-old stand- 
pipe which hasn’t been used for the 
last 40 years. Back in 1870, when it 
was built, the “Corinthian” referred 
strictly to the architecture, for the 
154-ft tower was then the largest per- 
fect Corinthian column in the world. 
Now, with the structure long a land- 
mark to the residents of the North St. 
Louis area which grew up around it, 
it’s a public issue rather than a facility. 
And, remembering the storm of public 


protest that arose when one of his 


predecessors suggested its destruction, 
Tom didn’t hesitate with hush money. 
As a matter of fact, as far as the water 
department is concerned, the expendi- 
ture can’t be considered dissipation at 
all, but a sound investment in public 
relations. TYaer e\edarr. 


Stanley Eng. Co., consulting firm 
of Muscatine, Iowa, has opened a 
branch office at 327 LaSalle St., Chi- 
cago 4, Ill. The office will be directed 
by Frank W. Edwards, formerly di- 
rector of civil engineering at the IIli- 
nois Inst. of Technology. 


James G. Baldwin has been ap- 
pointed Los Angeles district sales man- 
ager of the Pennsylvania Salt Mfg. Co. 


of Washington. 


(Continued on page 92 P&R) 


American Meter 


INTERCHANGEABILITY 
Cuts Costs 


Individual parts as well as entire 

assemblies of Buffalo AMERICAN 

Water Meters can be interchanged. 

Repairs are made quickly at low 

cost. Stocks held at a minimum. 
Write for details. 


BUFFALO METER 
COMPANY 


Main Street 
Buffalo 14, New York 


6 Reasons why 
WALKING BEAM | 
FLOCULATION | 


is now specified by 
water works engineers 


- Eliminates troublesome underwater bearings. 

. Eliminates expensive dry well construction. 

- All bearings accessible for inspection and 
lubrication. 

. Produces quick responsive floc formation. . 

. Longer filter runs. 

- A saving in alum. 


Write today for Bulletin 451 and a list of water 
purification plants that have gone modern. 


— 
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REINFORCE PRESSURE 


C 
q PIPE SAVES MONEY 


Phis installation, near Corona Del Mar 
Calitorma, ts only one ot thousands 
where Remtorced Concrete Pressure 

Pipe has helped to cut overall costs 


Steel...tully protected by densely com 
“pa ted concrete prov ides the neces 
ary strength to withstand internal 
(pressures and external loadings. 1 
Jot exposed to corrosion and the pipe 
s gompletely tree trom: tuberculation 
Smooth intenor pipe walls assure con 
intent carrying capacity. low 
Costs. .eliminate costly clean 
ingand rehming work...permut the use ct 
maller diameters. Remtorced Concrete 
A section of the pipe line 
connecting an inland reservowr : 
saith Corsten Dal on the ow by using only standard contractors 
Coast. For this line, The ‘quipment. Quahty matenals, sound 
Metropolitan Water District of ; 
made by American Pipe and 
Construction Co. This view , 
shows the installation of 36" ea é torced Concrete i ressure | pe to meet 
Concrete Pipe with the your needs...carefully desiyned, pre 
Double Rubber Gasket 
Pressure Joint 


‘pe is easy to lav and costs are kept 


workmatiship, and builtin’ satety 


You'll tind a Class of American Rem 


cisely engineered, and. built to meet the 
strictest specifications. Our oO years of 
experience, our informative booklets, 
and our sales engineers are at your 
service ...as near as your telephone 


Phew ov tor, couple fe 


O Box S428, Terminal Annex, Los Angeles 54 


wn Otfiees and Platt Pirestone Blvd, 


South Gate, Cahtorma LOwan & 


District Sales Other 
San Diego. Portland. Oregon 
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ter Board—Thurman A. Stout and 
Henry R. Gay, who took over the 
positions of General Manager and Chief 
Chemist of the utility upon the retire- 
ment of Scotland G. Highland and 
Perkins Boynton last May 1. Stout, 
formerly engineer with the West Vir- 
ginia Water Service Co., and Gay, who 
moved up from the position of assistant 
chemist, are taking over from two real 
veterans of the field. 

In his 45 years with the Clarksburg 
board (40 of them as an AWWA mem- 
ber), Highland made himself well 
known throughout the industry for his 
faithful attendance and close attention 
at Association technical as 
well as for his early use of public rela- 
tions techniques at Clarksburg. Boyn- 
ton, junior in service by only four 
years, has earned for himself the title 
of “Dean of Operators” in West Vir- 
ginia through his long-time contribu- 
tions to the advancement of water 
works practice, which also won him 
his section’s Fuller Award in 1940. 
Stout men both, and now they can 


be gay. 


sessions 


Meter readability is said to be aided 
a transparent plastic case that can 
used to enclose the register and 


change gears in a clear, nonfreezing 
fluid. The case is molded of Tenite 
plastic for the Fog-Tite Meter Seal 
Co., Seattle, which markets the device. 
The makers claim that their product 
not only prevents condensation on the 
register glass but prevents corrosion of 
the registers. It is suggested, how- 
ever, that users check with the manu- 
facturer of their meter to determine the 
suitability of the device before instal- 
ling it. 


David C. Colebaugh Jr., chemist at 
the Nuchar Research Lab. of West 
Virginia Pulp and Paper Co. in Ty- 
rone, Pa., has been assigned to the 
Chicago sales staff of the firm’s Indus- 
trial Chemical Sales Div. 


The Pacific Coast Div. of the 
Badger Meter Mfg. Co. has been es- 
tablished with headquarters at 2940 
Leonis Blvd., Los Angeles 58, Calif., 
with Ross Burns in charge as western 
sales manager. 


Dearborn Chemical Co. has moved 
its Eastern Div. from New York City 
to 1601 Linden Ave. E., Linden, N.J. 
The new location includes sales, admin- 
istrative, and warehousing facilities un- 
der one roof, and is located near rail 
and trucking terminals. 


SPARLING METERS 


for all 


MAIN-LINES 


For instance, saddle type meters for mounting 


on lines already in operation! 


Whatever your 


problem in main-line metering, consult the new 


Bulletin 313. 


A copy is yours for the asking. 


; _ LOS ANGELES — NEW YORK — CINCINNATI — BOSTON 
stay _ SEATTLE — ATLANTA — DALLAS — KANSAS CITY 


Stout and Gay are the | 
| 
be 
ay 
SPARJING METER COMPANY @ 
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if it’s concrete... 


UNIVERSAL 


world’s largest manufacturer of 
concrete sewer and culvert pipe 


can make it 


26 plants for convenient, econom- 
ical service. 
30 years’ experience in pipe, 
cribbing, precast manholes, river- 
weights, flat base pipe. Name it, 
we make it! 


UNIVERSAL 
CONCRETE PIPE CO. 
297 South High Street 
Columbus, Ohio 


Publishers of Famous ‘Pipe Dreams" 


The resistance of seven classes of ce- 
ments to 297 corrosive substances is 
shown by a chart offered by Corrosion 
Engineering Dept., Pennsalt Chemicals, 
1000 Widener Bldg., Philadelphia 7, Pa. 


Plastic pipe fittings made of brass and 
designed with teeth that grip the pipe 
wall, as a sleeve is tightened, to make a 
nonslip joint, are described in a booklet, 
Bul. AR-200, of the Nelson Foundry Co., 
6116 Oakton St., Morton Grove, Ill. The 
Barracuda Brass Fittings, as they are 
called, are said to prevent weakening of 
joints attributable to the cold flow of 
the plastic. 


“Measuring Equipment for Labora- 
tory and Production Testing” is the sub- 
ject of a 64-page catalog issued by Gen- 
eral Electric Co., Schenectady 5, N.Y. 
Various types of instruments for electri- 
cal testing, chemical analysis, materials 
testing, and other applications are de- 
scribed. 


A chlorination control nomogram that 
relates values of flow and desired chlorine 
dosages to obtain the chlorine feed rate 
in pounds per 24 hr is the subject of 
Keep Sheet No. 21 issued by B-I-F In- 
dustries, 345 Harris Ave., Providence 1, 


R.I. 


The new Ratochlor Chlorine Dis- 
penser, Fig. 1050, is the subject of a 
12-page catalog, No. 61, of Fischer & 
Porter Co., 818 Jacksonville Rd., Hat- 
boro, Pa. The dispenser is a solution- 
feed, dry-vacuum type, and the ten models 
in the line offer a capacity range of from 
0.5 to 1,000 pounds per 24 hr. 


(Continued on page 96 P&R) 
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WORTHINGTON - GAMON 


The meter used by 
thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

. . Made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


pound type. 


TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 


296 29% SOUTH STREET, NEWARK 5, NEW JERSEY — 


OFFICES IN ALL PRINCIPAL CITIES 


i] 

TO MEET 
YOUR SPECIFICA- 
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APPROVED 


by UNDERWRITERS’ LABORATORIES, Inc. 


=. 


GREENBERG 
Independently Valved HYDRANTS 


for non-freezing climates 


Western water works engineers and fire 
chiefs were the first to approve Greenberg 
California-type fire hydrants. Now, after 
exhaustive tests, Underwriters’ Laborator- 
ies, Inc. has confirmed your judgment. 

Greenberg No. 74 and 76 hydrants are 
equipped with independent valves of a 
new type which open quickly and easily, 
allowing full flow with minimum resist- 
ance. They close tightly without water 
hammer. A major improvement over the 
old “cork in bottle” type valve! 


Other innovations such as you 
would expect of the people 
who evolved the California- 
type hydrant 75 years ago are 
shown in the free booklet “Hy- 
drants by Greenberg.” May we 
send you a copy? 


STABILITY 1854 


BROMZE PRODUCTS 


GREENBERG 
M. GREENBERGS SONS 


765 Felsom St. * San Francisce, Calif. ¢ Exbrook 2-3143 
Los Angeles * Phoenix * Seattle * Portiand * Spokane, 
Salt Lake City * Denver * Kansas City * Dallas * Houston 
New Orleans * Honolulu * New York * Washington, D.C. 


(Continued from page 94 P&R) a 
Oligodynamic purification with silver 
ions is the subject of some pamphlets 
offered by American Katadyn Corp., 375 
Fairfield Ave., Stamford, Conn. In ad- 
dition to some circulars describing the 
equipment, a 12-page booklet describes 
their bactericidal effect as observed in 
various tests. 


Water and sewage construction proj- 
ects of the Baton Construction Corp., 
1717 Sansom St., Philadelphia 3, Pa., 
are described in a 6-page folder available 
on request. 


“Instrumentation for Water, Sewage, 
and Industrial Waste Treatment,” a 24- 
page booklet describing instrument in- 
stallations and applications in water and 
waste treatment plants, may be obtained 
on request to Station 64, Minneapolis- 
Honeywell Regulator Co., Industrial Div., 
Wayne & Windrim Aves., Philadelphia 
44, Pa. The discussion is well illustrated 
and references are given to a wide variety 
of supplementary literature issued by the 
company. 


“Corrosion Resistance of Copper and 
Copper Alloys” is the title of a newly 
revised, 28-page booklet, B-36R, being 
offered by the American Brass Co., Wa- 
terbury 20, Conn. A table gives copper- 
base alloys to 183 corrosive agents. 


Dual-purpose pipe couplings intended 
as a coupling or repair clamp are de- 
scribed in a folder, No. 101, of Morris 
Coupling & Clamp Co., Dept. J-59, EIl- 
wood City, Pa. Installation instructions, 
specifications, and prices are given. 


A vapor corrosion inhibitor permits 
packaging of metal replacement and other 
parts in a paper impregnated with a vola- 
tile corrosion inhibitor. A folder describ- 
ing the Dry Vapor Pack-Velope is dis- 
tributed by the Industrial Packaging Div., 
Berlin & Jones Co., Inc., 601 W. 26th 
St., New York 1, N.Y. | 
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give young teeth 
full benefits of 
Hlnoridation... 


WITH FOXBORO CONTROL 


You can provide the maximum 
benefits of fluoridation with com- 
plete safety for your community, 
by adding automatic Foxboro 
FOXBORO Control to your fluoride feeders. 
TYPE 24-10 It's the sure way to prevent over- 

CONTROLLER 

or under-treatment. 


ORY The Foxboro Type 24-10 Con- 
CHEMICAL troller, combined with either a 
SUPPLY FEEOER dry or solution feeder, accu- 
rately controls the addition of 

fluoride in the distribution sys- 

: ; tem, and keeps continuous quan- 
titative records of the process. 


FOXBORO =: TO a Get all the facts on this fluori- 
ORIFICE PLATE — dation control. Write for appli- 


that fluoride is fed into water in Foxboro Company 169 Nor- 


exact proportion to rate of flow 
... prevents either over or under folk Street, Foxboro, Mass., 


dosage. U.S.A. 


fet automatic contral assures cation Data Sheet 831-18. The 


ECORDING CO INDICATING 
FOXBORO “instruments 


Re 4 


...BY EQUIPPING FLUORIDE FEEDERS 


Activated Carbon: 
{Industrial Chemical Sales Div 
Permutit Co. 


Aerators (Air Diffusers): 
American Well Works 
Infilco Inc. 

Permutit Co. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co 
Morse Bros. Mchy. Co. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div 


Ammonia, Anhydrous: 
General Chemical Div 


Ammoniators: 

Everson Mfg. Corp. 
Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 


Brass Goods: 
American Brass Co. ¥ur 
M. Greenberg’s Sons 
Hays Mfg. Co. 
Jones Co. 
Co. 

P. Smith Mfg. Co 
Welsbach Corp., Kitson Valve Div. 
Carbon Dioxide Generators: 
Infilco In¢ 
Walker Process Equipment, Inc 
Cathodic Protection: 
Electro Rust-Proofing Corp 
Cement Mortar Lining: 
Centriline Corp 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Feed Apparatus: 


Build- 


Chemical 
Infilco Inc 
Omega Machine Co. (Div., 

ers Iron Fdry.) 

Permutit Co 

Proportioneers, Inc. 

Ross Valve Mfg. Co. 
Simplex Valve & Meter Co 
Wallace & Tiernan Co., Inc 
Chemists and Engineers: 
(See Prof. Services, pp. 25-29) 
Chlorination Equipment: 
Builders-Providence, Inc. 
Everson Mfg. Corp. 
Proportioneers, Inc 
Wallace & Tiernan Co, Inc 
Chlorine Comparators: 
Hellige, Inc 

Klett Mfg. Co 

Wallace & Tiernan Co., Inc 
Chiorine, Liquid: 

Solvay Process Div. 

Wallace & Tiernan Co., Inc 
Clamps and Sleeves, Pipe: 
James B. Clow & Sons 

Dresser Mfg. Div. 

ames Jones Co. 

McWane Cast Iron Pipe Co. 
Mueller Co. 

Pacific States Cast Iron Pipe Co. 
Rensselaer Valve 

Skinner, M. B., 


Inder of Aduertisers 


A. P. Smith Mfg. Co. a 
Smith-Blair, Inc 

Clamps, Bell Joint: 
James B. Clow & Sons 7 
Dresser Mfg. Div. 

Skinner, M. B., Co. ~ 
Smith-Blair, Inc. 
Clamps, Pipe Repair: 
James B. Clow & Sons 

Dresser Mfg. Div 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Skinner, M. B., Co. 
Smith-Blair, Inc. 

Clarifiers: 

American Well Works 

Belco Industrial Equipment Div. 
Chain Belt Co, 

Cochrane Corp. 

Dorr Co 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co 

Walker Process Equipment, In 
Cleaning Water Mains: 


Flexible Sewer-Rod Equipment Co. 
National Water Main Cleaning Co. 


Condensers: 

United States Pipe & Foundry Co 

Contractors, Water Supply: 

Layne & Bowler, Inc 

Controllers, Liquid Level, 
Kate of Flow: 

Builders-Providence, Inc 

Infilco Inc. 

Simplex Valve & Meter Co. 

Sparling Meter Co., Inc. 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div 

Phelps Dodge Refining Corp. 

Tennessee Corp 

Corrosion Control: 

Calgon, In 

Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mfg. Div. 

Philadelphia Gear Works, Inc 

Smith-Blair, Inc. 

Diaphragms, Pump: 

Dorr Co. 

Morse Bros. Mchy. Co 

Southern Pipe & Casing Co. 

Engines, Hydraulic: 

Ross Valve Mfg. Co 

Engineers and Chemists: 

(See Prof. Services, pp. 25-29) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Belco Industrial Equipment Div. 

Calgon, Inc. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

Johns-Manville Corp. 
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Infilco Inc. 

Northern Gravel Co. 

Permutit Co. 

Filters, incl. Feedwater: 

Cochrane Corp. 

Dorr Co. 

Infileo Inc. 

Morse Bros. Mchy. Co. 

Permutit Co 

Roberts Filter Mfg. Co 

Ross Valve Mfg. Co. 

Filtration Plant Equipment: 

Chain Belt Co. 

Filtration Equipment Corp. 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Infilco Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

Welsbach Corp., 
div. 

Fittings, Copper Pipe: 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

James Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Fittings, Tees, Ells, etc. 

American Cast Iron Pipe Co. 

American Locomotive Co. 

Carlon Products Corp. 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

James Jones Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co 

R. D. Wood Co 

Flocculating Equipment: 

Chain Belt Co. 

Dorr Co. 

Infileo Inc 

Permutit Co. 

Stuart Corp. 

Walker Process Equipment, Inc 

Fluoride Chemicals: 

American Agricultural Chemical Co 

Blockson Chemical Co. 

Fluoride Feeders: 

Builders-Providence, Inc. 

Omega Machine Co. 

Wallace & Tiernan Co., Inc 

Furnaces: 

Jos. G. Pollard Co., Inc. : 


Furnaces, Joint Compound: 

Northrop & Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. 

Infilco Inc 

Simplex Valve & Meter Co 

Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. = 

Infilco Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co. 

Sparling Meter Co., Inc. 


Build- 


Ozone Processes 


— 
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Cal Says: 


"SLOW MOVING, 


that’s the secret of 


CALMET’S 
SUCCESS” 


“Some folks are in just too big a hurry to get some 
place. When they do get there they are all tuckered 
out and in no condition to do a job or enjoy themselves. 


Not so with CALMET WATER METERS. They 
are slow moving. Why, the piston on a CALMET 
makes only 256 revolutions to measure a cubic foot of 
water. And with this large piston and large screen 
area, the slowest moving streams will put the CAL- 
MET in motion. 


And, CALMETS last a 
long, long time, too, be- 
cause there is less fric- 
tion. Yes, sir, CAL- 
MET doesn’t hurry, 
but it does the job 
right.” 


Sept. 1953 
mm 
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Gasholders: 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Stee! Co 
Gaskets, Rubber Packing: 
James B. Clow & Sons 

Northrop & Co., Inc. 
Smith-Blair, Inc 

Gates, Shear and Sluice: 

- Drainage & Metal Products, 


B. Clow & Sons 

Morse Bros. Mchy. Co. 

Mueller Co. 

R. D. Wood Co 

Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Philadelphia Gear Works, Inc. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc 

Klett Mfg. Co. 

Wallace & Tiernan Co., Inc. 

Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

ames Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

James Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pacific States Cast Iron Pipe Co. 

A. P. Smith Mfg. Co 

Rensselaer Valve Co. 

R. D. Wood Co. 

Hydrogen lon Equipment: 

Hellige, Inc. 

Wallace & Tiernan Co., Inc 

Ion Exchange Materials: 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co 

Roberts Filter Mfg. Co. 

Rohm & Haas Co. 


Iron Removal Plants: 

American Well Works 

Belco Industrial Equipment Div. 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infileo Inc 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div 

Jointing Materials: 

Atlas Mineral Products Co 

Hydraulic Development Corp. 

Leadite Co., Inc 

Northrop & Co., Inc. 

Joints, Mechanical, Pipe 

American Cast Iron Pipe 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Dresser Mfg. Div 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co 

Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

Dorr Co. 

Infilco Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 
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ADVERTISERS’ PRODUCTS 


Magnetic Dipping Needles: 
W. S. Darley & Co 


Meter Boxes: 
Ford Meter Box Co 
Pittsburgh Equitable Meter Div. 


Meter Couplings oy Yokes: 

Badger Meter Mtg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Hays Mfg. Co. 

Hersey Mfg. Co. 

ames Jones Co. 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Smith-Blair, Inc 

Welsbach Corp., Kitson Valve Div. 

Worthington-Gamon Meter Co 

Meter Reading and 
Books: 

Badger Meter Mfg. Co 


Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 


Meters, Domestic: 

Badger Meter Mfg. Co 

Buffalo Meter Co. 

Hersey Mfg. Co 

Neptune Meter Co 

Pittsburgh Equitable Meter Div 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc 

Infilco Inc. 

Simplex Valve & Meter Co 

Sparling Meter Co., Inc. 


Meters, Industrial, 
clal: 
Badger Meter Mfg. Co 
Buffalo Meter Co. 
Builders-Providence, Inc 
Hersey Mfg. Co. 
Neptune Meter Co 
Pittsburgh Equitable Meter Div 
Simp'ex Valve & Meter Co 
Sparling Meter Co., Inc. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 


Mixing Equipment: 

Chain Belt Ge. 

Infileo Inc 

Walker Process Equipment, Inc. 

Ozonation Equipment: 

Welsbach Corp., Ozone 
Div 


Record 


Commer- 


Processes 
Pipe, Asbestos-Cement: 
Johns-Manville Corp. 

Keasbey & Mattison Co. 


lipe, Brass: 


American Brass Co a 


Pipe, Cast Iron (and Fittings): 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
lames B. Clow & Sons 

Crane Co. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
R. D. Wood Co. 

Pipe, Cement Lined: 

Cast Iron Pipe Research Assn 
lames B. Clow & Sons 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Southern Pipe & Casing Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
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Pipe Coatings and Linings: 
The Barrett Div 

Cast Iron Pipe Research Assn 
Centriline Corp. 

Koppers Co., Inc, 

Pipelife, Inc. 

Reilly Tar & Chemical Corp. 
Southern Pipe & Casing Co. 


Pipe, Concrete: 

American Concrete Pressure Pipe 
Assn. 

American Pipe & Construction Co. 

Lock Joint Pipe Co 

Universal Concrete Pipe Co. 

Pipe, Copper: 

American Brass Co. 

Pipe Cutting Machines: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 
P. Smith Mfg. Co 

Pipe Jointing Materials; 
Jointing Materials 


Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 
Pipe, Plastic: 

Carlon Products Corp. 


Pipe, Steel: 

American Locomotive Co. 

4 Drainage & Metal Products, 
nc. 

tethlehem Steel Co. 

Southern Pipe & Casing Co. 


Plugs, Removable: 
James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
Potentiometers: 

Hellige, Inc 

Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Mueller Co. 

Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
lumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Economy Inc. 
Morse Bros hy. Co. 
Pumps, Chemical Feed: 
Infilco Inc 

Proportioneers, Inc 

Wallace & Tiernan Co., Inc. | 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc 


Pumps, Diaphragm: 


Dorr Co 
Morse Bros. Mchy. Co. 


Pumps, Hydrant: 

W. S. Darley & Co 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Ross Valve Mfg Co 

Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Economy Pumps, Inc. 

Pumps, Sump: 

DeLaval Steam Turbine Co 

Economy Pumps, Inc. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Layne & Bowler, Inc 

Recorders, Gas Density, COs, 
NH3, SO:, ete.: 

Permutit Co 

Wallace & Tiernan Co., Inc. © 


Radial Cone Tank at Anpleton, Wis. 


The City of Appleton, Wis., doubled the elevated storage capacity in its 
water system when it installed a new 500,000-gal. radial-cone tank in the 
northern portion of the City in 1951. Previous to that time a 500,000- 
gal. Horton ellipsoidal-bottom elevated tank installed near the center of 
the City in 1914 provided gravity pressure throughout the system. 


Write our nearest office for estimating figures or additional informa- 
tion on Horton elevated tanks. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON CLEVELAND 
PHILADELPHIA NEW YORK DETROIT SEATTLE LOS ANGELES 
SAN FRANCISCO HOUSTON ATLANTA HAVANA PITTSBURGH - 


Plants in Birmingham, Chicago, Salt Lake City and Greenville, Pa. 
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Recording Instruments: 
Infilco Inc. 
Sparling Meter Co., Inc. 
Wallace & Tiernan Co., Inc 
Reservoirs, Steel: 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; see 
Gages 
Sleeves; see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 
Permutit Co 


Soda Ash: 
Solvay Process Div 


Sodium Hexametaphosphate: 
Blockson Chemical Co. 
Calgon, Inc. 


Softeners: 

Belco Industrial Equipment Div. 
Cochrane Corp. 

Dorr Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, 

Infileo Inc. 

Permutit Co 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 


Softening Chemicals and Com- 
pounds: 

Calgon, Inc. * 

Infilco Inc. 

Permutit Co. 

Tennessee Corp. 7 


Standpipes, Steel: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co 


Steel Plate Construction: 
American Locomotive Co. 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Hays Mfg. Co 

ames Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co 

Welsbach Corp., Kitson Valve Div. 


Storage Tanks; see Tanks 


Strainers, Suction: 

James B. Clow & Sons 
M. Greenberg's Sons 

Edward E., Inc. 
. D. Wood Co 


Wash Equipment: 

Permutit Co 

Swimming Pool Sterilization: 

Everson Mfg. Corp. 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone Processes 
Div. 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 


ADVERTISERS’ PRODUCTS 


Tapping Machines: 

American Locomotive Co. 

Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co 

Welsbach Corp., Kitson Valve Div. 

Taste and Odor Removal: 

Industriai Chemical Sales Div 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp., Ozone Processes 
Diy 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellige, Inc. 

Wallace & Tiernan Co., Inc 


Turbines, Steam: 
DeLaval Steam Turbine Co. 


Turbines, Water: 
DeLaval Steam Turbine Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co 


Valve-Inserting Machines: 
A. P. Smith Mfg. Co 


Valves, Altitude: 
Davis Mig Co. 
Ross Valve Mfg. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Ping: 

James B. Clow & Sons 

Crane Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co 


Valves, Electrically Operated: 
Belco Industrial Equipment Div. 
James B. Clow & ‘ies 

Crane Co. 

Darling Valve & Mfg. Co 
Davis Mfg. Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co. 
Mueller Co. 

Philadelphia Gear Works, Inc 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Valves, Float: 
James B. Clow & Sons 
Davis Mfg. Co. 
Ross Valve Mfg. Co., Inc. 
Valves, Gate: 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 
fous Jones Co. 

ennedy Valve Mfg. Co 
M & H Valve & Fittings Co 
Mueller Co. 
Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 
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A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Hydraulically Oper- 


ated 

James B. Clow & Sons 

Crane 

Darling Valve & Mfg. Co. 

Davis Mfg. Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co. 

Valves, Large Diameter: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Davis Mfg. Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves. Regulating: 

Crane Co. 

Davis Mfg. Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

Swing Check: 
Clow & Sons 


Darling Valve & Mfg. Co. 

M. Greenberg’s Sons ; 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co 

Waterproofing 

Inertol Co., Inc. 

Water Softening Plants; see 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Hellige, Inc. 

Wallace & Tiernan Co., Inc. ‘ 

Water Treatment Plants: 

Allis-Chalmers Mfg. Co. 

American Well Works 7 

Belco Industrial Equipment Div. 

Chain Belt Co 

Chicago Bridge & Iron Co 

Cochrane Corp. 

Dorr Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone Processes 
Div 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Screens 7 

Johnson, Edward E., Inc 

Wrenches, Ratchet: 

Dresser Mfg. Div od 

Zeolite; see lon 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1953 AWWA Directory. 


Zug 


Sept. 1953 


Gone are the days of 

rugged installation work. 

CARLON Plastic Pipe can be 

installed faster, easier and without 

7 special rigging equipment. It’s lightweight . . . 

flexible . . . and corrosionproof, Connections 

can be made quickly to CARLON lengths or existing metallic systems. 

CARLON is immune to rot, rust and electrolytic action . . . corrosive 

soils and waters do not affect it. CARLON installations for drainage, 

sewage, drinking water, ges or electrical conduit require less mainte- 

nance... replacement is practically eliminated. Install modern pipe 
for modern requirements. Specify CAKLON Plastic Pipe. 


Buy the Pipe with the Stipe! 


Write today 
for catalog 


CARLON PRODUCTS 
CORPORATION 


Proneers tx Plastic Pipe Cp) 


10300 MEECH AVE. @ CLEVELAND 5, OHIO ei 
CARLON plastic pipe is produced in Ohio, Colorado, N. Carolina, Oregon, Texas & Ontario. 


JOURNAL AWWA PE&R 103 
Today | 
| 
“2 
Ss 
| 


JOURNAL AWWA Vol. 45, No.9 


The Symbol for Service, Quality 
and Performance in Water Meters 


SS STAIMLESS STEEL TRIM 


in all Rockwell 
2 
Disc Meters ARCTIC TYPE 


A bronze meter with 


TROPIC TYPE breakable frost 


All-bronze, split bottom 
case construction 


ALL THESE VITAL PARTS 
NOW STAINLESS STEEL 


You can’t beat stainless 
steel for corrosion resist- 
ance and durability. That’s 


DISC SPINDLE 


DIAL FACE ON 
STRAIGHT READING | @ why you find stainless used 


. . in Rockwell Disc meters 
wherever these superior 

GEAR TRAIN SCREWS qualities are required. It’s 
+f just another indication of 

the high standards that : 

« « « B Rockwell engineers into 
meters—another reason 

why Rockwell meters last 


STUFFING BOX SPINDLE it longer and are sO eco- 


DRIVING DOG . 


los Angeles * New York ¢ Pittsburgh * San Francisco ¢ Seattle * Tulsa 


PITTSBURGH 8&8, PA., Atlanta Boston * Chicago Houston Kansas City 


LEE 
SR 
ws The Extra Value of ey. 
2 
a 
i 
| 
| ROCKWELL MANUFACTURING COMPANY 
SF 


located at Fibreboord Products, Inc., Antioch, Colif., this Clariflocculator treats 14 MGD of Son Joaquin 


7 


River water for process use. A 15’ wide annulor storoge reservoir surrounds the 150’ dio. Clarifloc- 
culator and a Dorrco VM Pump removes the dense underflow at minimum water loss. 


No Magic Approach Here... 


14 MGD of 
clear, process water for a 
\ West Mill 
called for more than a “magic formula.” Like all 
called 


Raw 


Supplying 


Coast Pulp 
well-designed water treatment plants, it 
for a detailed analysis of the problem. 
water composition, rate of flow, results required, 
and local conditions were all studied before 
selecting the type of treatment to be used. The 


Cloriflocevictor is trodemark of The Dorr Company, Reg. U.S. Pat. off 


most efficient answer in this case was combi- 
nation treatment with a Dorrco Clariflocculator. 

There is no magic formula for every type of 
water treatment problem . . . no single equip- 
ment unit that will give ideal results under all 
conditions. For a brief picture of the complete 
Dorr equipment line for both conventional and 
#9141, 


The Dorr Company, Stamford, Conn. In Canada: 


high-rate treatment, write for Bulletin 


26 St. Clair Avenue E , Toronto 5. 


Every day — 8 billion gallons of water are treated by DORR equipment 


THE DORR COMPANY 


ted Componies of Representatives in principal cities of the world 


Offices. Associa 


DORR, 


ENGINEERS + STAMFORD, CONN. 


= 
— 
a 
4 


Jointed for . . . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—-but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “‘jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—-MUST BE DEPENDABLE, 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


ae The pioneer self-caulking material for c. i. pipe. 


— Tested and used for over 40 years. 


te Saves at least 75' 


THE LEADITE COMPANY 
Girard Trust Co. Bldg Philadelphia, Pa. 


| 
| 
ADLTE 


